
The Ramakrishna Mission

Institute of Culture Library

PrcKented by

Dr. Baridbaran Miikerji

RMIOL—

8

1















THE EVOLUTION OF THE SCIENCES





XHE EVOLUTION OF
fHE SCIENCES

By

L. HOULLEVIGUE

TRANSLATED FROM THE FRENCH

T. FISHER UNWIN
LONDON LEIPSIC

Delphi terrace ins§lstrasse 20

1909



[A// Rights Resented']



CONTENTS.
PAtIK

Preface ... . . ix

Preface to the English Edition . . xvii

TpE Tendencies of Chemistry . . 21

Transmutation and the Experiments of Ramsay 60

Does Matter Exist? . . . 87

The Interior of the Earth 116

The Sun . .151
Eclipses . . . . . .190
The Milky Way ..... 220

The Organisation of Matter .258
The Frontiers of the Sciences . . 291

Index . . .
. 315

vii





PREFACE

Every scientific book has three sorts of readers

:

experts draw upon it for information and facts,

doctrinaires find arguments and laymen seek

ideas in it. This book is not written for the

first; it makes no pretension of presenting a

summary of the results obtained by the sciences,

and facts are cited only in so far as they tend to

define the meanings and explain the origin of

scientific ideas. Nor have I tried to settle the

eternal dispute of religious and philosophical

doctrines, to judge cosmogonies, or to throw

light upon the origin and destiny of man and

the universe. Expeiience proves that in this

matter each one listens only to the arguments

favourable to his standpoint and reads only the

books on his own side. Happily doctrinaires

are people easy to satisfy, provided one does

not contradict them directly; they will find in

these pages arguments favourable to their ideas

and will not see those which contradict them.
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But there are also men who, without b^fing bound

to a system, or seeking the eternal truths, try

only to create a little light around them. They

think that methodical and scientific investigation

will bring them the only truth which they can

attain; they ask from science neither recipes

nor arguments; they seek the satisfaction of

natural curiosity and the pleasure of under-

standing how the chaos of facts is organised

gradually by the efforts of scientists. It is for

such that this book has been written. T have

tried to show them how the sciences shed light

over an ever-widening circle. After having

analysed the facts which are directly accessible

to our senses, they make known to ns others

which had escaped them; like these rays which

traverse bodies and show us their bony frame-

work, they peer to the depths of the universe

and teach us its extraordinary complexity.

But they reveal to us lawand harmony. Scientific

progress is the product of this incessant ran-

sacking of the unknown world, and of the co-

ordination which every day becomes more close,

of the facts acquired.

At the same time the Unity of Science
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becomes apparent by the interpenetration of

the sciences which, separate at first, unify

progressively their experimental procedure,

their methods and their principles. But this

evolution is not haphazard. Mathematics form

a primary connection between all our scientific

knowledge, since it is wovtm by our mind and

reveals the organic conditions of its activity.

We cannot imagine a triangle the sum of whose

angles shall not be two right angles, nor an

equation of the second degree with three roots.

But there is also a necessary logic of things

existing outside our mind. It is impossible to

heat a bar of iron without it expanding. That

is a condition imposed upon the external world.

We can recognise it without knowing what heat

is, just as we can reason correctly without know-

ing the nature of thought.

Physics in its present-day broadened state

teaches the necessary relations between external

things, as mathematics reveals the rules of

thought. From this point of view all experi-

mental sciences are subordinate to it, just as

our reasoning is subject to mathematical logic.

Mechanics has its origin in experiments upon the
xi
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#

equilibrium and movement of bodies* and still

owes to physics all its subsequent progress,

as regards, tor example, the impact of bodies

and friction. If at the present day even its

principles seem to be undergoing transformation

to such an extent that the notion of mass is

losing the exact meaning which it had previ-

ously,' the cause must be sought in the recent

researches upon radio-active substances.

Astronomy on its side, after being satisfied

for long with the experimental laws of gravita-

tion, has taken a new development, laying

under contribution all the resources of modern

physics for the study of celestial spaces, and

gravitation itself has become one of its most

pressing problems.

Geology no longer limits itself to the study

of rocks and formations. To reconstitute the

history of the globe, to determine the constitu-

tion of its deepest strata, it must make appeal

to our ever-deepening knowledge of the laws

which rule matter, heat and magnetism. It is

the same with all the biological sciences. They
are face to face with the most redoubtable of

' Cf. Chap. “ Does matter exist ?
”

Xll
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problems^, the problem of life. They circum-

scribe it little by little, reducing certain pheno-

mena to physico-chemical laws. Science gains

progressively upon mystery; it is not forbidden

to hope that the day will come when the great
f

enigma will be deciphered in its turn. But no

science has formed a closer alliance with physics

than chemistry. They have the same object,

principles and methods, and it is impossible to

say where the one finishes and the other begins.

Merged one in the other they collaborate in a

common task.

* Thus physics has been the mainspring of

the other sciences, has'imposed upon them its

laws, its methods and its experimental pro-

cedure. Nowadays every well-constructed ex-

periment is necessarily a physical experiment.

It is in this way that the unity of science is

made and that is the chain which links the

sciences together. It is useful to recognise the

fact, not only in order to comprehend the

evolution which is so characteristic of our epoch,

but also to solve a difficulty which results from

this evolution.

Step by step with the creation of unity in

xiii
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our minds, a greater diversity separates those

who instruct, or have charge of, their pr(igress.

Specialisation is the evil of the age, the price of

progress. Past ages have had men of universal,

knowledge, Leonardo da Vinci, Nev/ton,

Leibnitz and Laplace, whose minds embraced

all the knowledge of their age. Undoubtedly

the last of those encyclopaedic gfeniiises was

Berthelot, and he has lately recognised it with

mingled feelings of pride and regret. ^Oui'

brain is too small to contain the growing mass

of knowledge. Must we then each sink his own

shaft, toiling blindly on, heedless of the work

of others? Such is the disquieting problem'

which we face, and which we must answer at

any cost.

The foregoing observations show where the

solution is to be found. Since, to-day, no mind

can retain all the sciences, all specialisation

must be preceded by an infusion of general

science, giving the conditions of our reasoning

and of the external world. Mathematics and

physics are the veritable “ humanities of science.”

They form the indispensable basis of all study

bearing on any science whatsoever, and it is
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logical and necessary that our education be

organised accordingly.

Such arCj in brief, the ideas developed in

this book, which give to it also unity. I hope

they will obtain the approval of the readers for

whom I have intended them, readers who regard

with interest the workings of the universe, and

who believe that science alone permits of our

understanding somewhat of its function.

XV





PREFACE TO THE ENGLISH EDITION

Not with immunity have nations lived, for

centuries separate, the one from the other.

Their minds have developed along separate

lines, and given to each a characteristic turn of

thought, and a logic almost individual..

This individuality of each nation is articu-

lated not only into their literature; it is found

also in their scientific productions. Without

exaggeration it might be said, England sees

everything in the form of a mechanism, Germany

in that of a formula, whereas France prefers to

give its ideas as reasonings. This diversity is

not without its advantages, for the unity of

scientific truth is like a diamond which gains by

being illuminated by every facet. But this

advantage only exists where each nation, true

to its own genius, takes the trouble to look

abroad. This will always be to its profit. ,

It would take too long to tell all the benefits

which French physicists^ have derived from

scientific intercourse with those of England. In

xvii
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electricity their ideas have been congpletely re-

modelled under the influence of Faraday and

Maxwell. To take a recent instance, our ideas

on radio-activity would not have developed, so

quickly had it not been for the daring hypotheses

of Lodge, Rutherford and J. J. Thomson.

I am pleased to think that this scientific

intercourse is profitable for all nations, and for

this reason I bring my modest contribution with

pleasure to this international exchange. I have

no intention to teach scientists anything. I

only wish to interest those who love science

as outsiders in the general ideas which form the

atmosphere of the laboratory and, above all,

to make them familiar with that superior form

of common sense which is called, the scientific

spirit,.

As a rule the French genius jirefers lucidity

to depth. It will not be satisfied till it has re-

duced ideas to their simplest form. Further, a

lengthy training in literature has taught it that

lucidity can only be obtained by order, by

methodical exposition rising from the known

to the unknown, from the simple to the com-

posite.

xviii
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These are the essential qualities of popu-

larisation.

I have endeavoured to make them those of

my work. At the same time I have tried to

defend the mind of the reader against a species

of scientific bluff which is, no doubt, rampant

elsewhere than in France, and which consists

in representing scientists as magicians who dis-

pose of the physical world at will. No day

passes without some great discovery being

announced. We must teach distrust in these

marvels which are boomed so loudly and gain a

hearing for voices which are more discreet and

thoughtful.

Such is the end I have kept in view in this

book. I feel highly honoured to see it received

in a country which has done so much for science.

I hope my English readers will reap some benefit

from the general ideas expressed in it, and from

the directions for the scientific spirit which I set

forth

-

L HOULLEVIGUE.





THE EVOLUTION OF
THE SCIENCES

' '

THE TENDENCIES OF CHEMISTRY

All the experimental sciences have passed

through three successive stages. First comes

a long chaotic period, during which the data

of observation and experiment float without

order or connection in the mass of human know-

ledge, the whole forming, as it were, a great

nebula which, when the time comes, condenses

round separate nuclei. Between the Renais-

sance and the end of the eighteenth century

the sciences were separating and crystallising

out. Each science defined the goal of its re-

searches, delimited its domain and organised

itself internally by the continual acquisition of

new laws. At the present day we are entering

on the third stage : the sciences, separate in the
21
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past, interpenetrate one another, aiyi through

their broken-down partitions we perceive the

gradual growth of the Unity of Science,

Chemistry has not evaded this general law.

The facts of a chemical nature known to

antiquity and the Middle Ages, do not, how-

ever numerous, deserve the name of science.

One may, if one likes, trace back the first

chemical reaction to Prometheus, the inventor

of fire, or to Tubal Cain, the sixth man after

Adam and the creator of metallurgy; but a

thousand reactions no more constitute chemistry

than a thousand words strung in a row hap-

hazard form a phrase or an idea. Until the

eighteenth century chemistry was limited to

a technique scattered over the useful arts; one

finds it in the processes of the artisan, in the

pharmacopoeia of the doctor, in the operations

of the magician, the thaumaturge, and the

alchemist, in the tricks of the charlatan. Pro-

fessional chemists were mere compilers of such

processes; Glaser, in 1670, defines chemistry as

“ the art of opening compounds by operations,

consisting in cutting, bruising, pulverising,

alcoholising, scraping, sawing, precipitating.
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ranulating, laminating, melting, liquifying,

gesting, infusing, macerating,” etc.

Berthelot has given us a masterly account

'

i this long period of gestation, when human
ought, so full of life in every other respect,

ems, when confronting science, sunk in a

earn - broken sleep. We owe him special

anks for having pointed out the paths along

tich this dust of science may have been trans-

ited from age to age across the civilisations

India, Egypt, Greece and Europe, which form

it were oases in a desert of barbarism.

The seventeenth century, thanks to the

nts of Galileo, Torricelli, Descartes, Pascal

I Newton, saw the birth of mechanics,

•onomy and physics. Then came the turn

chemistry; only a collective effort could

it into existence. When in a space of

pty years one sees crowded such names as

‘stley, Cavendish, Bergmann, Scheele, Four-
f, Lavoisier, one realises that the world was

ied away by an impulse of scientific realism,

probably no science ever owed so much

Origines de ralchimie, 1885. Introduction h retude de

mie des a7iciens et du moyen dge^ 1889.
‘

' /23
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to a single man as chemistry does to<>Lavoisier.

He freed it from the last trace of metaphysics,

gave to the notion of element a precise

meaning, and gave expression in the chemical

equation to one of -the essential elements of

chemical reaction. The work of .Richter and

Proust left chemistry with a complete skeleton

:

the existence of elements, the conservation-

of matter and the existence of simple ratios in

combinations; what remains is, as a matter of

fact, simply physics.

Thus classical chemistry was evolved in the

course of a few years; it is the chemistry we all

have studied and it is still taught, more or less,

by the most recent text-books.

Let us take up one of these books. We find

that it commences with some pages of generalities

setting forth in a clear and general form, with

the timely help of the atomic theory, the ex-

perimental principles of the science of chemistry.

Then the student is initiated into the principles

of nomenclature, which enable the objects

studied to be clearly designated; but every

nomenclature assumes a classification and we

now perceive that classical chemistry is chiefly

24
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descriptive. Its objects are the same as those

of natural history with Buffon and Linnaeus.

Chemical species, like living ones, are designated

by a binary nomenclature; we say potassium

stdphate as we say Felis leo. Having provided

his classification with the orders and sub-orders

ncpessary for a methodical organisation of his

work, the chemist gets to business; as the

naturalist classifies his plants between the

leaves of an herbarium and arranges his animals

in glass cases, so the chemist lays in a stodk

of bottles, and from that day his aspiration

is to fill each bottle with a definite product,

preferably crystallised. (Amorphous bodies are

impure and uninteresting in his eyes.) The

text-book of classical chemistry, true to the

spirit of the laboratory, will^ fill its hundreds

of pages with descriptions of the chemical

species which we have seen labelled in the

laboratory, and teach us in rigid sequence the,

manner of their preparation, the analysis to

test the purity of the' product, their physi-

cal, organoleptic, and finally their chemical

properties—that is to say, the manner of their

action on various other bodies. So the reader
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sees defiling before his eyes a series of colourless,

tasteless and more or less liquifiable gases, and

bodies which colour differently litmus paper.

We need not be surprised if students do not

enjoy eagerly a teaching so exclusively de-

scriptive, a mere long and monotonous review

of elements and compounds. But official

programmes and classical books at least show us,

magnified to deformity, the essential character

of classical chemistry; this science aims princi-

pally at being a description of chemical species,

a study of the forms of equilibrium of matter

at ordinary temperatures. This is so entirely

true that one of the works most justly valued

by chemists, that of Wiirtz, assumed as a

matter of course the form of a dictionary; a

sufficiently reasonable arrangement for a science

composed of monographs, but whose application

to mathematical analysis, mechanics or physics

could hardly be conceived.

We must not permit the endless profusion

of monographs to surprise or to irritate us. It

was necessary for chemistry to follow this course

at the outset, and to draw up the inventory of

the domain within which it had to evolve.

26
:
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Natural hiStory commenced in the same manner,

and the work of Buffon and Linnaeus was not

useless, though it may to-day appear very tedious

to us, We consider, at present, that the essential

interest of these sciences is the study of life

in, action—that is to say, vegetable and animal

biology. The same reasons lead us to say that

classical chemistry, while confining itself to

nomenclature and to the study of forms, deliber-

ately neglected the fundamental problem—that

is to say, the study of reactions.' In a reaction

it merely recognised a period of disturbance

which had to elapse before a new state of

equilibrium could arise, and it hurried over

these periods as some historians with a mania

for order are wont to do with the story of

revolutions.

When, for example, in the formula

Zn-i- ri.,S04=ZnS0^+ rig

it summed up the action of sulphuric acid on

zinc, the investigation centred its entire atten-

tion on the state of the bodies before and after

the reaction; it told us all about their pro-

perties and about the quantities involved, and
^

then with the brief sign = closed the discussion.
'

27
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Thus classical chemistry consists almost

entirely of chemical notation; when jt has

written the equation of a reaction it is satisfied

that nothing remains to be told, and the succes-

sion of its monographs are in their turn con-

densed into structural formulae. All its efforts

are directed to the establishment of these

formulae, they are its supreme object; it is, in

fact, impossible to conceive a more elastic and

expressive manner of representing a bo(^!

Take the formula of alcohol:

H H
I I

H—C—C—

H

I I

H O—

H

It discloses the qualitative and quantitative

composition of this body and its vapour density,

it shows its essential properties and the action

exercised by it on most other bodies, and all

this without the intervention of a single

hypothesis; if we further admit the atomic

conception of matter our formula presents an

image of the molecular structure built up of

the atoms of the elements; in fact, so
28
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numerous !ind so precise are the conclusions

which may be drawn from these calculations

that in the case of certain series of bodies the

mere examination of the formula enables us

to determine exactly all their physical con-

stants and to predict even their colour.

Descriptive chemistry is jm' dead science,

it is alive and is developing under our eyes.

Of the two thousand memoirs regarding the

chemistry of metals, which annually sum up

the chemist’s work, over three - quarters are

devoted to new or imperfectly - known com-

pounds. For a chemist who knows his business

it is a comparatively easy, almost a mechanical

task to fill the gaps in series of compounds

or to study in a state of increased purity bodies

previously known. The hope of industrial of

therapeutic applications stimulates the zeal of

the discoverers of new bodies, and these hopes

find their justifipation in the four hundred

patents taken out every year for industrial

applications of chemistry.

The recent progress of physics has also

thrown open to classical chemistry a domain

full of interest. Until quite recently chemists

29
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were compelled by their inability to ‘obtain per-

manent high and low temperatures, to confine

their attention to compounds which remain

stable at laboratory temperatures.

To-day we can maintain as long as necessary,

in a space of several cubic decimetres, tempera-

tures ranging from two hundred degrees below

zero to three thousand five hundred degrees

centigrade above it
;
the use of liquid gases and

of the electric furnace has rendered this service

to science
;
and our day has seen the rise of the

chemistry of intense cold and of intense heat.

The names of Ramsay and Dewar are associated

with the former by their discovery and separa-

tion of the constituents of the air, argon, neon,

krypton, xenon and helium, while the latter

has rendered famous one of the great names

whose loss French chemistry and science are

mourning to-day—Moissan, one of the most

skilful experimenters known to chemistry, a

true representative of classical chemistry; his

isolation of fluorine, his studies on the diamond,

but chiefly the marvellous series of carbides and

nitrides obtained by means of the electric furnace,

have made his name justly famous. But for
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Moissan chemical reactions were simply a means;

his object was to obtain new bodies, or to

produce, under new or more favourable con-

ditions, previously-known bodies.

' Though he set hjmself a limited task he

completely fulfilled it, and there is a lesson to

be learned from the results which he obtained.

Until recently there has been an undue tendency

to think that at very low temperatures matter

must be more or less congealed and incapable

of manifesting its activity in the form of chemical

reactions, and that, on the other hand, at very

high temperatures bodies are dissociated by heat

and remain a mere aggregate of simple elements

incapable of reaction. We know, to-day, that

such is not the case, and that, unlike life, chemical

activity is not confined within narrow limits.

Matter presents different forms of equilibrium

at different temperatures; and the number and

variety of possible chemical combinations is

thus so enormously increased that we are forced

to find slight and insufficient the old law of

simple tatios, which pretended to limit the

number and the variety of molecular con-

structions.

31
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When we consider that five hundred com-

binations are actually known of two bodies

alone, carbon and hydrogen, when we think

of the millions of compound bodies which we

are to-day able to produce with seventy-two

elements, we are compelled to admit that

the inventory drawn up by classical chemistryy

was no useless or idle task, because it has left

us not only an arid nomenclature, but a deeper

knowledge of the properties of matter and of the

general conditions of molecular association.

From the beginnings of chemistry as a science

,a. fundamental distinction was made between

the products of mineral matter and the products

of life, elaborated by animals and plants. This

separation between organic chemistry and

inorganic chemistry increased with the progress

of the science to such a degree that chemists

were forced to the conviction that it rested

on the very nature of things. /These two

branches of a single trunk grew steadily wider

apart, developing in different degrees, one

branching out with rapid and faultless order,

while the branches of the other rmnained ir-



The Tendencies of Chemistry^

regulay andtshort. And yet organic chemistry,

working almost exclusively with four elements

—

carbon, hydrogen, oxygen and nitrogen—seemed

less amply equipped than mineral chemistry

which has the entire array of simple bodies at

its disposal. What is the cause of this unequal

development ?

The very nature of the forces called into

action used to be the chemist’s reply; living

nature has endless resources, which can never

be available in a laboratory, and life is accom-

panied by specific processes, which by their very

nature are beyond our reach; man can destroy

molecules, but Nature alone can fasten the

delicate bonds of organic compounds. This

view rested on the authority of Lavoisier him-

self, who, a few days before his death, had

written: “The object of chemistry, in sub-

mitting to experiment the different natui-al

bodies, is to decompose them and find itself

in a position to examine separately the different

substances which enter into their composition.

Chemistry, therefore, advances towards its object

and its perfection by dividing, sub-dividing and

sub-dividing again.’’

33
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Such was the state of ideas wheSi Berthelot,

in 1851, entered as Bolard’s assistant at the

College de France on a scientific career destined

to be most prolific. He placed at the service

of science not only technical skill and power of

work in a degree rarely combined, but the true

characteristic of his genius resided in a faculty

still more rarely found in the laboratory—

a thorough philosophical education and a

mind inclined towards generalisation. His

philosophic ideas led him to perceive ct prion

the weakness of a doctrine that restricted

chemistry to the function of an analytical science

and erected insuperable barriers between the

work of Nature and the work of the laboratory.

It is true that organic syntheses.had been made

before Berthelot, but to him belongs the, honour,

one of the highest in his scientific career, of

erecting into a system and a doctrine what

before was merely chance and good luck.

He created order in organic chemistry by

establishing, experimentally, the connection of

the different series of bodies belonging to it;

but it was chiefly by showing, in numerous cases,

the possibility of passing from inorganic matter

34
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to the prodwcts of organic matter that he con-

stituted the Unity of Chemistry and expelled

“ vital, force ” from the language of science

along with the mysterious actions which had

concealed our ignorance. At the same time he

opened to science a wide avenue, now thronged

by a horde of workers. In our day the con-

tinuers of his work of synthesis are chiefly to be

found in Germany. In another chapter we
shall show how we are on the eve of the synthesis

of protein bodies, which are not like alcohol

or formic acid,-, waste materials or reserves, but

the very substratum of life. In France also,

besides the master who provided chemistry with

the leading idea, other chemists consolidated

the doctrine by contributing new facts
;
some of

them have lessened the distance between organic

and inorganic chemistry by adding to the ele-

ments of the former silicon, sulphur and the

metals; others, by developing the atomic theory,

have shown that the mode of representation

which it offers applies equally well to all parts

of chemical science. Hence, to-day, chemistry,

in all its branches, forms a whole, derives from

the same principles and obeys the same laws.

35
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The desGription of chemical species is not

the sole business of chemistry; a new branch is

growing up slowly and logically, which looks

for matter where it is really alive, that is to

say in chemical reaction. Physicists have

' sometimes been reproached for “ amusing them-

selves by weighing flies’ eggs in cobweb scales;
”

but whoever has seen a chemical reaction

—

an object on fire, an acid and a base reacting

—cannot help opening his eyes and inquiring

the reason of all this disturbance and display

of energy, and what is happening behind these

appearances. Thus the study of reactions is

not the accessory but the very essence of

chemistry.

Such is the idea which to-day is leading

chemistry towards new fields. Certainly it is

not a new idea; it has occurred beyond doubt

to all who since the beginnings of chemistry

have witnessed matter in reaction. Boerhaave

even invented a word, affinity, to designate

the mysterious cause of chemical reactions,

while Bergmann, a little later, drew up tables

of affinity, on the supposition that the power of

combination of each body could be expressed
36
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by a number.' But arnong these pioneers

Berthollet/a contemporary of Lavoisier, deserves

a distinguished place. During the Egyptian

expedition, on which he accompanied Bona-

parte, Berthollet conceived the plan of his

Chemical Statics^ a work in which are to be found

the first sound ideas on chemical reaction and

the origin of modern chemistry. Berthollet’s

only mistake was to arrive too early on the

scene. Classical chemistry, firmly wedded to

the idea of definite combinations, was then

in process of development; it could not, with-

out risk, abandon the solid ground on which

Lavoisier had placed it; that is why sixty

years passed before it was possible for the

ideas of Berthollet, in their turn, to take root

and grow-

The stu^y of chemical reaction is a necessity;

but how is it to be attacked? From what side

are we to approach the problem? Two paths

were open to the investigator; the first, in-

dicated by, Bergmann, was followed in 1854 by
the Danish chemist, Julius Thomsen, and

broadly marked out by Berthollet and his

followers of the French thermo-chemical school.
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The second, developed from the ® theoretical

ideas of Berthollet, was opened in France by

Henri Sainte-Claire Deville, and continued by

the Dutch and German physico-chemical school,

of y^hich Van t’Hoff is the acknowledged leader.

~ The conception of chemical affinity re-

, mained to some extent incomplete and indefinite

until the conception of energy and the principle

of the conservation of energy made their ap-

pearance in science. Towards the middle of

the nineteenth century it began to be seen

clearly that natural phenomena invariably

imply the transformation of a single entity

appearing in the form of mechanical work,

electricity or heat. It was natural to include

in this catalogue of ^e various forms of energy

|he force which appears in chemical reactions

and is betrayed by its mechanical effects when

gunpowder explodes, by an electric current in

the cell and by the production of heat in most

other cases. Henceforth the affinity of zinc

for sulphuric acid acquires a definite meaning;

it is measured by the heat released in the reaction

of the molecular weights of these two bodies.

Thus the course to be followed is dli'eady set;
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we need, oi&y reproduce within a caloriipeter all

the reactions known to chemistry, and measure

the quantity of heat set free in eq.ch case.

We shall then have a precise and scientffic sub-

stitute for Bergmann’s tables, and ou*- results will

act as a check on each other; or better still, from,

a number of them we can calculate the rest.

It is, of course, impossible for us to measure

the total energy contained in bodies; we can

know only the variation of this energy during

the act of combination; thus the energy of the

molecular weight 11^ = 2 grammes of hydrogen is

just as unknown to us as the energy of the

molecular weight 0 = i6 grammes of oxygen;

but we do know that when these two weights

combine to form aqueous vapour 58,300 calories

are released. We are, therefore, entitled to

say that a molecule of water vapour has 58,300

calories less energy than its constituents, and

to complete Lavoisier’s chemical equation as

follows:

H2+O= HjO+ 58,300 calories.

Let us now consider a slightly more complicated

reaction, that' of sulphuric acid on zinc

:

Zn-HH2Sp4,==ZnS04+H2+ 107,000 calories,
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It leads to the following argumeiit: as the

heat of formation of sulphuric acid, from its

elementary constituents, amounts to 123,000

calories, the first member of the equation

possesses an energy equal to that of its free

constituents, less 123,000 calories'; likewise the

group forming the seconci member possesses

an energy equal to the energies of the same

constituents, less 230,000 calories, which number

gives the heat of formation of the zinc sulphate

from its elements. Now the difference of these

two numbers, 230,000—ri23,ooo, corresponds

exactly with the 107,000 calories set free in the

reaction of the acid on the zinc. Here are,

therefore, three numbers which can be obtained

by independent measurement, and between

which exists a necessary relation
; thus the

calorimetric study of chemical reactions enables

us to establish relations between ^different

quantities of heat and in particular to calculate

one of them, if the others are known.

We cah' now conceive the possibility of

determining experimentally the heat of; forma-

tion of all compounds, and hence of ; knowing

beforehand the ,thermic effect of any" reaction
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by which tRese bodies are transformed into each

other. These tat)les of thermo-chemical data

exist; they were drawn up by Berthelot from

his own innumerable experiments and tho^ 6f

his pupils. The question now arises as to the

use to be made of them.

The scientific value of a collection of numbers

deperids on its usefulness for formulating laws

or for
.

predicting new facts. Thus no science

has accumulated such quantities of numerical

data as meteorology
;

but as long "as nothing

was deducted from them all we had the right

to refuse to regard meteorology as a true science.

If thermo-chemistry is nothing but a collection

of numerical constants' it deserves the same^

severe treatment. Now, according to Thomsen

and Berthelot, the data of thermo-chemistry

ought to allow the prediction of what reactions

are possible and what reactions are impossible.

They permit us to do so by means of the principle

of maximum work.

Let us consider a. stone placed on the de-

clivity of a hill; the slightest shock may cause

it to falL
,
As it falls, its energy, that is to say

its capacity for doing work, decreases by the
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amount of work required to restoi% it to ife

original level; ' it will contmue falling until,

sooner or later, some obstacle arrests it, and then

its stability will be great in proportion to its

proximity to the bottom of the ravine, that is

to say, to the portion of its energy expended.

The thermo-chemists took this analogy for

their starting-point;, they compared a ‘system

of bodies in reaction to a falling stone and con-

cluded that the direction of the transformation

must always be of a nature to cause loss of

energy in the system—that is to say, it must

release heat; and the most stable transforma-

tion, the one most likely to occur, will be the

transformation which causes th(i release of the

greatest possible quantity of heat. This principle,

which owed its origin to Thomsen, received at

the hands of Berthelot all the development

necessary to determine its meaning and its

consequences. This very precision, however,

bnables us to subject it to severe criticism.

One may remark, first of all, that the ap-

plication of the principles of thermo-fhteiiiistry

is meaningless unless all the conditions of the

problems are carefully defined; the , amount
4?
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of energy liberated varies with the temperature,

the pressure and the physical state of the reacting

bodies; hence the application of the principle

of maximum energy demands a greater number

of numerical data than are usually available.

But this is not a serious obstacle, as it is possible

to fill gaps of this nature. What, however,

is more momentous is that the principle itself

of maximum work is inaccurate.

One might have suspected as much from the

simple fact that some chemical reactions are

accompanied by an absorption instead of a

release of heat. If, for example, we mix alcohol"

and acetic acid and keep the temperature of

the mixture at ioo° C., in a few hours’ time a

perceptible portion of the mixture wUl have

been converted into, acetic ether, while the

reactiorf, instead of releasing heat, will be

foufid to have absorbed it, that is like (to

take our original comparison), a stone which,^

of its own accord, rolls uphill. Chemistry is

full of similar instances. However, the chemists

did not surrender; this is a typical case, because

it illustrates the persistent and injurious tend-

ency of each science to separate from the other
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sciences^ and of all men, even the greatest

scientists, to form castes. So the chemists

pretended, that the principle of maximum work

remained valid provided that one took jinto

account in a reaction only energy of an ex-

clusively chemical nature, an(f excluded, as

foreign, all manifestations of energy attributable

to external or physical causes.

This type of argument involves the erection

of a watertight partition between chemistry

and physics, but Nature knows no such absolute

boundaries; phenomena form a whole which

cannot be divided to suit our taste. Of what

nature are solutions, fusions,, polymeric trans-

formations? Are they physical or
,
chemical?

We are absolutely unable to tell. How is a

foreign energy introduced into the jhst-men-

tioned mixture of alcohol and acetic acid by

keeping its temperature at ioo° C.? In what

way does this differ from keeping it at the

ordinary temperature, or at any other tempera-

ture? Moreover, and this is a characteristic

example, what right have we to pretend That

when the electric current decomposes sulphate

of zinc in a voltameter it is acting as jphysical
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energy, whereas in a cell the same current,

produced by the action of the sulphuric acid

on the zinc, becomes the residual energy of the

reaction, a purely chemical form of energy.

It is therefore, necessary to abandon all these

subtle distinctions, which correspond neither

to any theoretical reason, nor any practical

criterion.

When we have once thoroughly grasped the

impossibility of separating chemical and physical

effects, -the study of our facts teaches us that

the law of phenomena is more complex than

would appear from the principle of maximum
work. The comparison of a system in reaction

to a falling stone is too simple, the truth is

more complicated, and its revelation is a task

for the science of energy, the thermo-dynamics

of Mayer, Carnot and Clausius.

This imdertaking was first accomplished by

one of the greatest physicists of modern times,

by Hdndioltz, and completed by Gibbs and

Duherh. VThe following comparison is taken

from Duhemj an acknowledged master of modern

physics::

" Thd present data of experimental thermo-

4S
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chemistry 'Resemble a' sketch map drawn by the

first explorers of a mountain range
;
the principal

peaks are already put down with their approxi-

mate dimensions. Thus we know, more or less

exactly the quantities of heat brought into

play by the principal physical or chemical

modifications, when they take place under

more or less clearly determined conditions,

but we cannot follow the undulations of the

chain between the peaks; what is wantiiig is

what geographers call the relief of the country.

“ The quantity of heat called into play by a

given reaction or transformation varies with

all the circumstances surrounding the reaction

or the transformation, such as the temperature,

the pressure, the greater or less dilution

of the reacting bodies; thermo-dynamics re-

quires to know, for all the important reactions

of chemistry, the expression of the heat of

reaction as a function of all these variables; it

demands from the thermo-chemis;t, who is study-

ing a reaction, not a single experiment, but a

detailed and frequently exliaustive monograph.”'

’ “Thermoch]mie'?*>.^«'«e des que'siions scieriiijiques, vol.

xii., 1897, p. 361.
'
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Thus the* intervention of physics has enabled

us to bring things to a focus: the principle of

maximum work would be rigorously true ,.only

at the absolute zero of temperature, that is to

say at 273° below z6ro centigrade. Except in

this extreme case the directipn of reactions is

not determined by the total energy, such as is

given by thermo-chemical tables, but by a part

of this energy, called by Helmholtz the jree

energy, whose expression is known and which

can be determined.

The path opened by Thomsen and Berthelot,

following Bergmann, has now been marked out

along its entire length. We know where it can

lead and we know the efforts required from those

who traverse it. But, at the same time, we see

that the short cut offered by the principle of

maximum work was only a false trail; the right

road is much longer and harder, but it leads to

scientific truth.

There is another way of studying chemical

reactions; instead of viewing the battle from

afar and judging its course by the smoke and
the sound of the cannon, we may penetrate
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into'the thick of the fight, count the combatants,

follow their hand-to-hand strug'gle and judge

the result on the ground. The honour of this

new method belongs to Berthollet.

When sulphuric acid is poured into a solution

of potassium nitrate no visible phenomenon is

manifested, and many people might -say that

the two liquids have mixed without any chemici^

reaction. Berthollet saw that a reaction does

take place, and that in reality the base is divided

between the two acids, .so that the liquid now
contains four bodies: potassium nitrate, potas-

sium sulphate, sulphuric acid and nitric acid;

a state of equilibrium has been established

between these bodies, capable of persisting

indefinitely.

Now supposing something happens to elimin-

ate one of thp four antagonists, the equilibrium

will be destroyed, then re-established by a new

chemical transformation,' and the reaction will

advance accordingly step by step, If, for

example, the mixture is warmed, the nitric

acid,' being more volatile than its cornpetitors,

will escape; then the influence of the sulphuric

acid, being no longer held in check, will deter-
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mine the formation of a new quantity of potas-

sium sulphate and of free nitric acid, the latter

will evaporate, and the process will thus continue

until all the nitric acid has been eliminated

and nothing remains in the liquid except potas-

sium sulphate and sulphuric acid, if an excess

of the latter was originally present.

This example, one of a thousand, sums up

the doctrine of Berthollet. It presented, at

least, the advantage of great practical interest

as it enables us to foretell, with practical certainty,

the course of reactions, according to the in-

solubility or volatility of one of their possible,

products
;

it explains, for example, why calcium

sulphate and ammonium carbonate produce,

by their , reaction when cold, insoluble calcium

carbonate and ammonium sulphate, whereas

when hot the inverse reaction takes place,

in consequence of the volatility of the ammonium
carbonate. But the high priests of classical

chemistry continued for years to regard

Berthollet's laws as beneath ' their contempt,

calling them empirical rules. No
!
qualification

could have been less justified, because Berthollet

saw in tl^ese rules, and we are to-day compelled
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to do likewise, the first sound ideas concerning

reactions. Berthollet was the first to under-

stand the meaning of chemical equilibrium, and

in a particular case he saw how this equilibrium

could be destroyed and lead to a complete

reaction.

These remarkably philosophical ideas of

Berthollet had long to wait for their logical

^yelopmcnt at the hands of Henri S%iri;tc-

Claire Deville. It was in the laboratory of the

Ecole Normale, quite near the one where Pasteur

discovered a new world, that Deville established,

by indisputable and repeated experiment, the

laws of dissociation. When chalk or carbonati;

of lime is heated in a closed vessel it deconq^oscs

into lime and carbonic-acid gas until this gas

reaches in the receptacle a pressure which

depends on the temperature and on it alone;

it is called the tension of dissociation.

If part of the carbonic-acid gas is removed

more is formed by decomposition of the carbonate

;

if, instead, more gas is introduced
,
into <the re-

ceptacle it combines with the free lime until

the tension of dissociation has been restored.

Thus, in compliance with BerthoUet’s views,
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the volatility of the carbonic-acid gas ,is actually

the determining ca^ise of the reaction. But

now we are dealing with experiments and not

with hypotheses, and these experiments actually

show us a state of equilibrium capable of being

upset in either direction; and the sign=, which

in the old chemical equation expressed solely

the conservation of the masses in the reaction,

CaC03=Ca0+ CO^
assumes henceforth a new and more striking

meaning; it indicates the equilibrium of opposing

forces.
'

We should now understand why chemistry

owes so much to the study of these states of

equilibrium, and of these reactions which can

take place either in one direction or in the

other, and which are called reversible reactions;

it is because in every science a knowledge of

statics precedes and facilitates the knowledge

of dynamics. When we witness one of these

reactions which attract our attention by their

violence, such as the attack of zinc by sulphuric

acid, we can only note the phenomenon, but are

incapable o| causing it to alter its course; how
it is only hy methodical experiment that scien-

si
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tific knowledge can be discovered. ® If, however,

violent reactions are unsuited for experiment,

it is quite different with slow and weak reactions,

and especially with these reversible reactions

which occur on the border of states of equilibrium.

The chemist can then bring into action, separ-

ately, each of the variables defining the system

:

the masses of the bodies under consideration,

their degree of dilution and temperature, the

duration, of the reaction, and he can determine

the direction and the magnitude of the resulting

action. Thus, whereas the early chemists were

attracted by the intensity of violent reactions,

modern chemistry is chiefly interested in slpw

reactions, in which it is easier to take the mechan-

ism to pieces and expose the springs to view.

The great chemist, J. B. Dumas, expressed this

idea w'ith the prescience of' genius when he

wrote
:

“

We may predict that if some day

accurate views are obtained regarding the

nature of chemical affinity they will be due

far more probably to the study of the weakest

than of the most energetic chemical actions.”

^ Lefons de Philosophie chimiquey delivered at the College

de France in 1836, p. 195.
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The direction which Deville imparted to

chemical research has proved every day more

fruitful. During some twenty years the French

school, which had shown the road, distinguished

itself by its industry and zeal. Berthelot

himself, before being attracted to the thermo-

chemical researches, which he thought more

fruitful, had made his contributions to the new

ideas regarding states of chemical equilibrium

by pointing out the part played by them in the

formation of ethers by the action of acids on

alcohols. Then little by little this flame of

enthusiasm died down in France to be rekindled

elsewhere, chiefly in Holland, Germany and

America, by the labours of Van t’Hoff, Horts-

maiin and Gibbs.

The causes of this transference of scientific

interest are fortunately only too clear. The

great French chemists of the end of the nine-

teenth century were too exclusively chemists

;

they plaqed too much confidence in the reliability

of their, methods, and the memory of the

lucubrations'^ of the alchemists made them dis-

trust the abstractions and generalisations of

matheinatical ^)hysics. Thus, after having set ^
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forth with perfect clearness the terms and the

elements of the problem, they were compelled

to stop half way; the problem now required

the application of methods which thermo-

dynamics had already employed and tested

in thQ study of purely physical states p| equili-

brium. Hence, while French 'sciened Twas

delayed by other researches, physico-chemical

laboratories were being opened at Amsterdam,

Leyden, Gottingen, Leipzig, Berlin and Ithaca,

with the object of developing theoretically

and practically chemical mechanics. To-day,

thanks to these efforts, the laws of chemical

equilibrium are known at least in part. Chemi-

cal dynamics is, however, barely sketched out,

and is limited at present to a simple classi-

fication of' the reactions observed when the

temperature and pressure of a system are

varied; one exception deserves to be made

in favour of explosive reactions. The neces-

sary study of explosives has contributed

to chemistry by accumulating much work

on this subject; the important part taken

by MM. VieUle and Berthelot in these studies

is well known.
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In consequence of all this progress chemistry

is suffering from growing pains. It no longer

knows the limits of its domain; the barriers

which separated it from the other sciences have

fallen one after the other, and in their place

are growing and prospering other branches

of universal science:—physiological chemistry,

which devotes itself to disentangling the reactions

ofliving matter
;
chemical mineralogy and geology,

which summon the resources of the laboratory

to explain the origin of minerals and formations

;

and finally physical chemistry, which endeavours

to solve the fundamental problem of chemistry,

the study of chemical reactions, by bringing

to bear on it all the theoretical and practical

resources of physics.

While chemistry sees its limits disappearing,

it is undergoing an internal evolution and

steadily increasing the intimacy of its union

with physics i Formerly it was possible to

distinguish a chemical laboratory from a physical

laboratory on the threshold siiuply by the

smeU;, this distinction is becoming every day

more difficult. It has been said that Lavoisier

founded ctemistry by giving it the balance;
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it might be added that every forward step made
by this science is connected with the intro-

duction of some new physical apparatus: the

calorimeter and the thermometer identified with

Lavoisier, Berthelot, Raoult; the manometer

with Gay-Lussac and Sainte-Claire Deville;

'the electric current with Davy and Moissan;

the spectroscope with Kirchhoff and Bunsen;

the polarimeter with Biot and Faraday; the

electroscope with Curie.
,

With its growth chemistry has lost its

object, because to-day nobody can define, with

accuracy, the purpose of its researches. It no

longer places that purpose in the study of

chemical species
;
it is now the business of physics

or mineralogy to tell us that chlorine is a liquifi-

able gas, or that sulphur is an octahedral crystal.

And if, to be more logical, we define chemistry

as the study of reactions, we
^

find it impossible

to tell where the reaction finishes and the

physical phenomenon commences. If it be

said that the former involves permanent change,

while the latter does not, the magnetisation

of steel would forth\Vith become a,' chemical

phenomenon, because it survives t|ie cause
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which determined it. The first is also said to

cause molecular modification, whereas the

second leaves the molecule intact; this view

is equally risky, because it would place under

the heading of chemistry the modifications

of the physical state of water and its anomalies

near its point of maximum density. It is thus

really impossible to discover an accurate defini-

tion at the present day.

To sum up, chemistry sees its fundamental

laws losing their character of absolute necessity

and rigorous exactitude. The belief in the

existence of simple bodies not transmutable

into eacli other, the law of the conservation

of matter and the law of simple ratios, formed

the foundations of the structure erected by

Lavoikiet' and his successors. We have seen

that for us the last of these laws has lost its

originally imperative character. The law of

the conservation of matter has, in its turn, been

'the object of attacks, regarding which it is

difficult to forna an opinion. Landolt, after

weighing with the most minute (precautions

chemic^ ' systems before and .after reactions,'

thougjat he ^noticed a systematic variation of
' ''

‘ V
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weight of the order of millionths.' Our views

have/ however, been shaken' chiefly by the

experiments of Curie and Ramsay ;
the multi-

plicity of radio-active bodies and of their

metamorphoses, the transformation of radium,

a well-defined element, into helium, another

element, and finally the other transformations

carried out by Ramsay, suggest that we njay pp.t

have reached the end of our surprises. -

But does it follow that because modern

chemistry can no longer define its purpo.se,

its means, or its principles, it has disappeared

from the number of the sciences? Far from it.

Every science at its beginnings naturally at-

tains, by rough means, simple results, which form

the inducement to more complete investigation.

The astronomy of Kepler and Newton was'more

simple than the astronomy of to-day, but the

object of science is not simplicity.

’ Nature requires science to be one like herself

;

she denies us the right to pour our knowledge

into separate vessels. The evolution we are

witnessing is therefore logical and necessary,

but the infirmity of our minds compels, us,

notwithstanding, to retain clhssificatioris: but
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the presents classifications are bad. It is a

reasonable conclusion that the science of ' the

future, though daily approaching unity, will

be susceptible of division into three broad groups

:

sciences of the ether, sciences of inanimate

matter, and sciences of life.

Hence chemistry, mechanics, and part of our

present physics appear destined to combine in

one great synthesis. This new grouping -of the

sciences will doubtlessly reveal in due course

harmonies now unsuspected.



TRANSMUTATION AND THE EXPERI-
MENTS OF RAMSAY

The word 'transmutation evokes in our mind

the speculations of the alchemists, the philoso-

pher’s stone, Raymond Lully’s quinta essentia,

the alcahest of Paracelsus, and all the mysterious

elixirs which the triumphant reason of modern

times thinks it can condemn beyond appeal.

For this reason the pursuit of transmutation

appears to many minds, opposed to inconsequent

dreaming, as vain as the quest of
,

perpetual

motion or of the squaring of the circle.
,
But a

distinction must be drawn ! If the mathe-

matician has the right to say “never,” the

physicist and the chemist must be satisfied witli

less absolute and less ambitious formulae, if they

desire to avoid unpleasant contradictions from

experience. A few years ag'o the question ofitbc

unity of matter and of the transformation 6i one

element into another was one whichno one wpuld

dare to raise. And yet it has for sbme tiriie been

6o



The Experiments of Ramsay

thrusting itself forward so insistently that it can

no longer be ignore;^, but forces us to realise that

a revolution is at hand in pur chemical doctrines,

just at the moment when they seemed nxore

firmly established than ever.

Fontenelle was in the habit of saying :
“ When

a theory seems probable you may be sure that it

is false!” This is not a mere sally of a dis-

abused theorist; the truth regarding the outside

world is reached by successive steps, and as

each one is surmounted the aspect of the universe

becomes enlarged and modified. To-day the

great English chemist. Sir William Ramsay,

leads us up to a new level, and we must strive to

understand how the new panorama is a develop-

ment and a continuation of the one to which wb

were accustomed.

Before thinking of transmuting bodies, it is

necessary first of all to provide each of them

with a distinctive docket, enabling it to be recog-

nised by indisputable characteristics; this is

exactly what was wanting to make the work of

the alchemists of real use. ' For them everything

heavy, bright and yellow was gold
;
this explains

all their confusions. The great effort of modern
6i
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chemistry has enabled an exact description of

edch body to be provided; this task, which has

demanded endless work, is similar to that by

which naturalists succeeded in distinguishing and

classifying species. It was necessary to sort out

in the crowd of characteristics those which, were

merely accessory : colour,- brightness, density,

form, so full of importance in the eyes of the

older chemist, were recognised to be far from

characteristic; if we were guided by them,

imagine how many species there would be of

carbon, sulphur, selenium and phosphorus.

The indisputable criterion, the mark of authen-

ticity of each chemical species, had to be found in

chemical reaction
;

we call carbon any body

which, combined with oxygen, produces exclu-

sively carbonic acid gas. Thus we are on

solid ground. In default of this spectrum

analysis supplies a criterion of fundamental

importance. Every element^ when rendered

luminous by an electric discharge is char-

acterised by the emission of bright rays, whose

position in the spectrum enable us to recognise

and differentiate it; the exquisite delicacy

of this criterion renders it especially valu-
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able. In his recent researches Ramsay worked

with tiny Geissler tubes containing four cubic

millimetres of gas, and could reveal traces of

elements whose total weight did certainly not

exceed one ten thousandth of a milligramme.

The systematic study of reactions, while

/supplying the means of characterising cheniical

species, enables them to be classified in two

groups: bodies which can be obtained by syn-

thetic reactions, or which can be separated into

several others by analytical reactions, arc called

compound bodies
;
and bodies which so far have re-

sisted all effort to split them are considered for

the present simple bodies or elements. This con-

clusion, justified by thousands of experiments, is

however only provisional, and it is advisable al-

ways to remember the weighty words of Lavoisier

:

“If we attach to the name of elements or

principles the idea of the final term attainable

by analysis, all the substances which we have

hitherto been unable to decompose by any means
are for us elements; not because we can be sure

that these bodies, which we consider simple,

are not actually cofnposed of two or even more

principles^ but because these principles never
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separate, or rather, since we have no means of

'separating them, they act, so far as we are

concerned, as elements, and we must only

assume them to be compound when experiment

and observation have supplied the necessary

proof.”

We are thus led to consider compounds as

formed by the association of a certain number' of

elements which they contain. We are hero

leaving the domain of facts for a hypothesis

which has been disputed by prominent chemists,

and among others by Ostwald : that oxide of iron

can always be decomposed into oxygen and iron,

and can be obtained by the combination of these

elements, is an incontrovertible fact, but that

the oxide of iron actually contains oxygen and

iron is not at all certain. A circular motion may

be decomposed into two oscillating motions along

two diameters of the circumference, and may be

produced by the superposition of these two move-

ments, and yet not actually epntain either.

,
As a matter of fact all chenpsts implicitly

admit this hypothesis, that the millions of )5odies

now known are derived from^ the association of

seventy-two different elements, which cannot be
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transformed orie into the other ; such is the aspect

under which the world of matter appears to us.

The firm adherence of chemists to this doc-

trine, and their entire reluctance to discard it for

some adventurous speculation, is thoroughly

justified; as a matter of fact, although in the

light of recent discoveries the indestructibility of

the elements has ceased to be an indisputable

truth, it still preserves the character of a practical

truth. Chemists, or at least those who take the

trouble to think, have, however, never regarded

the existence of seventy-two elements as an

infallible dogma. This number is certainly not.

fixed for all time, as hardly a year passes without

the discovery, fancied or real, of some new
element. Everyone will still remember the

startling .discovery made Some few years ago by

Lord Rayleigh and Sir W. Ramsay of a series

of eletnentary gases

—

helium, neon, argon,
^

krypton diixd xenon', that is to say, five elements

contained in the air which we breathe and which

we thought we knew so well.

The number of the bodies classed as elements

is continually increasing. There is something

strange in this, and' our inner ,4ense protests
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against the existence of so great a number of

irreducible elements. We have a confused .feel-

ing that this complexity must hide a simpler

truth. However, we no longer believe, like the

men of the eighteenth,century, that true laws are

necessarily simple. We have too many proofs

of the complexity of Nature, and we think we

know that this complexity is produced, not by

the juxtaposition, but by the combination of a

small number of elements. In this maplief

organic chemistry is being constructed..out of

only four elements, and the complicated motions

of the stars obey the single law of universal

gravitation. This is doubtlessly ' why the

hypothesis of a single primordial matter lurks in

the depths of so many minds; at the slightest

occasion it bursts out like a smouldering fire.

The following are two topical examples.

In 1815 the English chemist, Prout, expressed

the view that the atomic weights of all elements

must be multiples of the atomic weight of

hydrogen. This assertion, unsupported by

proof, had been forgotten when, thirty .years

later, Jean-Baptiste Dumas, the gretit..ehemist,

who was able to take such broad , and pihilo-
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sophical views of science, took it up again and

supported it by many experiments; he thought

himself justified in asserting that if the atom of

hydrogen is taken as unity the atoms of carbon,

nitrogen, oxygen and sulphur would weigh

exactly 12, 14, 16 and 32. How could such a

result be explained except on ' the assumption

that the elements are successive states of con-

densation of a single primitive matter, perhaps

of hydrogen itself? However, reality has once

more destroyed hypothesis; the development

of the resources of chemical analysis has per-

mitted a more accurate determination of atomic

weights, and the numbers given by Dumas have

had to be replaced by more complex numbers,

11.97, 14-01, 15-88, 31.98, so that the simplicity

just sighted vanishes, and with it the possibility

of founding on determinations of this kind any

argument for or against the unity of matter.

The identical solicitude reappears in connec-

tion with another order of considerations. The

chemical' species, as we know them, are far from

being fixed
;
they seem capable, like living species,

of departirig in greater or less degree from a mean
type. For each Of these variations the physical
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consta,nts, such' as colour, density, solubility in

solvents, co-efficients of expansion and of

elasticity, specific heat are variable; some-

times even their chemical properties are modified.

Thus, ozone differs distinctly from oxygen-; car-

bon, sulphur, seleniupfi, and phosphorus can exist

under very different forms with very di^^j^t

properties. This variability of species.

a

nature to suggest the idea of a chemical

analogous to biological evolution. It is o'f cbuirsc

possible to attribute these varieties to different

states of molecular aggregation
;
the molecule of

ozone might contain three atoms, whereas the

molecule of oxygen contains only two; this

would protect provisionally, and thanks to a

plausible b3rpothesis, the individuality of the

elements. But there are other cases in w. ;ich

this kind of argument does not apply.

Let us consider for example the oxides whose

metals form what are usually called the rare

earths. These bodies were, in fact, rare and

imperfectly known until the increased efforts to

obtain thern due to the requirements of modern

industry showed their relative abundance and

in any case their wicle dissemination in the
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earth’s -crust. From these bodies have been

extracted a considerable, and even yet an un-

determined number of metals: thorium, cerium,

lanthanium, didymium, yttrium. In 1842

Mosander demonstrated that the last of these

metals consists in reality of three distinct bodies,

yttrium' proper, terbium and erbium ; since then

the unremitting work Of numerous chemists has

further extracted from the same bodies the new

elements, scandium, ytterbium, holmium, gado-

linium, 'to which should perhaps be added

thulium, neo-erbium, neo-holmium, dysprosium.^

AH these bodies, whose properties are so nearly

identical that their se])aration is barely possible,

come to lengthen the already long list of

elements. This remarkable similarity, and their

association in the same minerals, suggests the

inference of a cornmon origin
;

this consideration

led the physicist, Crookes, to his celebrated theory

of meta-elements.

Crookesattributes the evolution of the various

elements - to the progressive condensation of a'

single primitive matfer, but the cooling of

' Quite recently M, Urbain succeeded in splitting ytterbium •

into two dem^tits^neo-ytterbium and lutecium.
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;this primitive matter having at a certain moment

proceeded too rapidly, a series of incompletely-

deyeloped elements was produced, just as if

Nature had been prematurely delivered and space

peopled with abortions approximating to, but

distinct from, normal forms. According, to this

holmium, erbium, gadolinium and dysprosium

would be only the mcta-elements of yttrium, and

each of the known elements might, if we were

skilful enough to effect the chemical separations,

supply a whole series of- satellites.

Even if we neglect these rare elements> whose

identity is still somewhat doubtful, it is impos-

sible to avoid being struck by the profound

analogy of certain elements. Long ago Dumas,

interpreting these analogies, grouped in one

natural family fluorine, chlorine, bromine, iodine,

^
and in another sulphur, selenium and tellurium.

' Similar natural associations unite the inert gases

of the air, which we have already enumerated,

the alkaline rnetals, the metals oi the iron group.

The value of these analogies, and the existence

of a connection and a necessary interdepend-

ence between the elements of the same family

is recognised by every chemist.
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The Russian chemist Mendel^eff had the

good fortune to present this interdependence in a

striking form, which has for a long time com-

pelled the attention of chemists, and will receive

a fresh lease of interest from Ramsay’s disi

coverics. If the simple bodies are arranged in

the order of their increasing atomic weights, as in

the appended table, the properties of the suc-

cessive elements are found to present a certain

periodicity. The table is divided into rows

and columns so as to show this periodicity, and

the arrangement is such that the columns corre-

spond practically to the natural families already

distinguished by chemists. It is true that

recourse has been had to the artifice of leaving

some of the squares empty, but these ^aps may
be assumed to correspond to still unknown
bodies. ^ In fact the bodies discovered since the

publication of Mendeldeff’s table have fitted as a

matter of course into the empty squares; this

occurred in the case of germanium, isolated by
Winckler, and of gallium, obtained by Lecoq de

BoisSaudran; the inert gases of the atmosphere"

likewise found a. place waiting for them in the

table. The .work of Mcndeldeff is dpen to raariy
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and just criticisms, but chemists, almost without

exception, look upon it as the screen on which the

more general properties of matter group them-

selves; it gives a precise form, too precise and

simple, perhaps, to the indisputable interdepend-

ence of all the elements.

Modern chemistry, as we have seen, while

admitting the conception of elements, noted

among them correlations, which suggested th„’

possibility of transmutations; but the means

at its disposal were insufficient to realise this.
‘

The discovery of the radio-active bodies sup-

plied the necessary lever. These bodies, uranium,

thorium, radium, actinium, are a marvellous and

to all appearance inexhaustible source of energy.

Radium in particular, the best known of all, emits

incessantly light, heat and three kinds of radia-

tion, which have been designated by the letters,

a, |Q, 7. The a rays, according to Rutherford, arc

formed by molecules of helium, a gas four times

denser than hydrogen, with a positive electric

charge, and animated with a moderate speed.

' In 1900, Fittica, Professor at the University of Marburg,

thought he had succeeded in transforming phosphorus into

arsenic. But like all those of his predecessors his attempt ulti-

mately failed.
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The /S-rays forna the trajectory of projectiles

eight thousand times lighter than the preceding

ones charged with negative electricity, and shot

off at a tremendous speed, between one hundred

and three hundred thousand kilometres per

second, these projectDes being called corj^uselfes or

electrons. Finally the 7 rays, analogous to the

X rays, are constituted beyond doubt in the

same manner as the X-rays, by perturbations of

the ether without any transference of matt^rial

masses or elc!ctric charges.

But these arc not tlic only things that are

emitted by radio-active bodies; in the vicinity of

a specimen of radium bodies of all descriptions,

iron, indiarubber, wood, become active, that is to

say, emit all the rays we have described; but

their radio-activity, instead of being permanent,

decreases little by little until it becomes im-

perceptible in the course of a few minutes or days

as the case may be. The discoverers of this

phenomenon, M. and Mme. Curie, named it

induced radio-acUvUy. This new form of eifergy,

produced by radium, is not radiated out like the

preceding ones
;

it appears rather to diffuse like a

gas, emanating from the radium and spreading
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into the surrounding space, impregnating the

bodies it encounters and transferring to them the

activity derived from the radium.

This explanation of induced radio-activity,

advanced by Rutherford, ceased to be a hypothe-

sis on the day that Ramsay and Soddy managed

to collect the “emanation” of radium and to

isolate and study it. The emanation is a true

gas which follows Boyle’s law and liquifies when

cooled in contact with liquid air; it is char-

acterised by a bright spectrum, which recalls that

of the gases of the argon series
;
on the other hand

its chemical inactivity appears absolute, in fact,

it may be heated without any alteration in

contact with the most energetic oxidisers and

reducers
;

for this reason Ramsay considers it a

simple gas, with atomic weight about 215, arid

occupying in the periodic classification a place

below xenon.

Here we have a fact which has no analogy iri

chemistry. Radium, a body accurately defined

as tn element by its spectrum and all its chemical

properties, decomposes spontaneously into

another body, which appears also to be simple,

and if the rate of transformation ascertained
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experimentally, viz., one milligramme of emana^

tion produced per gramme of radium per year,

is permanent the transformation would be com-

plete at the end of a few thousand years.

' We have not come to the end of the complica-

tions. Ramsay kept a few cubic millimetres of

his precious emanation on mercury in a tiny test-

tube, where it formed a glowing column. A few

days later he noticed that the volume of the gas

had decreased
;
the decrease continued regularly

until at the end of three weeks nothing was left

in the test-tube but a glowing point
;

at the end

of a month the last trace of the emanation had

disappeared; however, when the mercury was

lowered, forming a vacuum in the apparatus, and

the tube was slightly warmed, an amount of gas

was produced equal to about four times the initial

volume of the emanation
;

this gas was helium.
'

So unexpected a result can only be accepted

by science after serious verification
;

in addition

to Ramsay seven observers, including Curie,

have pursued the question in France and Ger-

many, and ascertained that nqt only radium, but

also thorium and actinhim are transformed, first

into the emanation and finally into helium,
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Moreover, these facts agree with what we know

regarding the origin of helium on the earth
;

this

gas has always been found in radio-active

minerals, and its presence has been also recog-

nised in the gases emitted by dpep mineral

springs, which must have been in contact under-

ground with similar minerals.' We have, there-

fore, the following incontestable fact : radium

and its congeners are elements in a state of

constant disintegration; they transform spon-

taneously under our .very eyes into the emanation

which in its turn becomes helium. This evolu-

tion is predetermined and absolute; we can

neither accelerate nor retard it, and still less

reverse it and revert from helium to the

emanation or to radium. As Ramsay has him:

seif pointed out :
“ Although the analogies

derived from ordinary chemistry are insufficient

to represent completely these new phenomena

they may help us to define our ideas; it is pos-

sible to remove the chlorine from ammonium
chloride NH^ Cl when one would obtain the

group NH^, but this group is instable even in the

* The spring of Bourbon-Lancy sets free yearly ten

thousand litres of helium.
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presence of mercury; it soon decomposes into

ammonia NH, and hydrogen. To reconstitute

the compound Cl it is necessary to follow a

much longer course; first the chlorine must be

combined with the hydrogen and then the

ammonia subjected to the action of hydrochloric

acid; we are perfectly able to carry out these

transformations, but as yet we have not been able

to produce similar changes with radium and tj^ie

products of its decomposition.”

No agent capable of modifying the evolution
.'4

of radium is known
;

it is, however, probable that

such agents exist. The radio-active substances

have lain buried in the depths of the earth for

thoiisands of centuries, and had their trans-

mutation been taking place at the rate observed

by Ramsay they would have long ago disappeared

completely. It is therefore reasonable to infer

the existence of some retarding action, or even

of a process of retrogression stiU unknown to us.

Helium is not the only product of the disin-

tegration of radio-active bodies; an extraordinary

quantity of energy is liberated at the saLme time

of which nothing in any known chemical re-
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action can give an idea. The measurements

made by M. and Mmc. Curie and by Rutherford

show that in the process of becoming helium

one cubic centimetre of emanation liberates a

quantity of energy 3,600,000 times greater than is

produced -by the explosion of a like volume of

the explosive mixture of hydrogen and oxygen.

This process is, however, gradual, lasting about a

month, and moreover, the energy appears not

only in the form of heat, but also of light and

a, /3, and 7 rays.

This result is of the greatest importance; it

place.s at our disposal a new and unprecedented

source of energy. It is therefore reasonable to

hope that the power freed by the disintegration

of radium will subject matter to profound modi-

fication, and that a body sufficiently energetic to

decompose itself will prove capable of transform-,

ing all elements brought into contact with it.'

This was the guiding thought of Sir William'

Ramsay and the motive of the experiments

which he has been patiently carrying but for

three years, with a skill as rare as it is necessary

in such researches, where only the minutes;t

quantity of ihaferial is available and a few cubic
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millimetres of gas have to be manipulated with-

out loss for several months, requiring in the

operator an extreme degree of experimental

ability.' We must not allow the extreme diffi-

culty of the task to incline us to scepticism; those

who have seen Ramsay in his laboratory know

that no one could bo better prepared for such an

arduous task. They know how conscientiously

and diffidently he advances on the path before him.

“During my last visit to Ramsay, over .a

year ago,” writes the German chemist, OstWald,

“ he showed me, in the private laboratory which

he has had built in his house in Regent’s Park,

some white crystals on a small watch glass. This

substance had been obtained by the action of the

emanation of radium on a solution of copper

sulphate. After eliminating the copper by

sulphuretted hydrogen the residue left by the

evaporation of the clear liquor shows distinctly

in the spectroscope the line of lithium, as I was

able to ascertain, thanks to Ramsay’s kindness.

As this fact is absolutely extraordinary Ramsay

requested me not to publish it before it was

perfectly confirmed. This reserve is no longer

necessary, as a few days ago I received the proofs
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of Ramsay’s communication to the world of

science. Not only have the earlier results been

confirmed, but those which this skilful experi-

menter has obtained since then fully confirm his

original hopes.”

We may therefore follow Ostwald’s example

and have full confidence in the man who has

already enriched Science by so many admirable

discoveries. This is all the easier because in his

latest results we find an order which our imagina-

tion could never have foreseen but which satis-

fies our reason.

We already know that the emanation, when

isolated and pure, transforms itself spontane-

ously into helium. If we now enclose in a small

glass phial this same emanation with a little

water, during a month, the period of the trans-

formation, the water will be seen decomposing

gra4ually into its components, oxygen and

hydrogen, but, in contrast with the previous case,

very little helium is formed; what is found is

chiefly neon, a gas belonging to the same series

as helium, but whose atom is five times heavier .

If, .on the other hand, we confine the emanation

with a solution of copper sulphate or nitrate

8i



The Evolution of the Sciences

neither helium nor neon is formed; but exclusively

argon, a gas still heavier than either, and belong-

ing to the same family; in addition to the

unaltered copper salt the liquid is found to

contain a perceptible quantity of sodium salts

and very distinct traces of lithium,' the experi-

ment repeated four times gave identical results,

and Ramsay checked it further by treating a

solution of copper nitrate in exactly the same

manner, with the single exception that it-Jiad

not been placed in contact with the emanation.

Under these new conditions no trace of lithium was

obtained, and only half the quantity of the sodium

in the previous case was ascertained to be present.

The presence of sodium is a normal phenome-

non
;
the glass of the bottles contains soda and

always communicates traces of this substance to

a liquid with winch it has been in contact. On the

other hand, nothing short of a transmutation can

explain the presence of lithium. Further ex-

periments, thrice repeated, at six months’

intervals, manifest another phenomenon of‘ the

‘ The weight of the lithium formed, estimated from the

intensity of the spectrum lines observed, would be about one

twenty thousandth of a milligramme.
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same order; a solution of thorium nitrate left to

itself in a closed vessel gives off continuously car-

bonic acid gas. The carbon seems to appear here

as a new element. However, Ramsay is awaiting,

before asserting it, the result of determinations

now being carried out.

All these experiments are sure to be carefully

checked. Let us therefore accept with this

reservation the new facts. MendeReff’s periodi-

cal classification enables us, according to

Ramsay’s views, to arrange them at least pro-

visionally. When the emanation, which for us

is a gas of the helium family, is left to itself its

atom, which is heavy and charged with energy,

bursts like a bomb and is reduced to its elements.

From it helium is formed, the first term of the"

series. If, on the contrary, the emanation is

placed in contact with other bodies, part of its

energy of disintegration is applied to them; in

contact with water the emanation splits into

larger particles |than before, and the second term

of the series, neon, is obtained. If, finally, the

emanation is placed in contact with a copper salt

the copper is reduced to one of the less heavy

forms of its own group, that is to say, to lithium,
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perhaps at the same time to sodium, while the

emanation, receiving an even smaller '.impulse

than in the last case, can be degraded only to the

state of argon. Possibly the carbon resulted, by

some analogous process, from the disintegration

of thorium, an element of the same family, but of

twenty times greater atomic weight.

We may hence say that the a, /S and y rays, this

powerful artillery of the radio-active substances,

act on so-called elements like shells on an armour

plate. The energy expends itself on the shell

as well as on the obstacle, with the result that in

proportion as the damage to the plate is great tin;

shell suffers little injury.

Such an argument, as Ramsay himself admits,

can only be considered as a first and very rough

approximation, but it is the only general idea

which at present embraces the new facts. One

thing, however, is certain. Our present idea of

elements is being profoundly modified. We are

certain that transmutation is no fable_, because

we have seen helium being born under our very

eyes, and ive have very strong reasons for believ-

ing that other elements equally well defined

—

neon, argon and lithium—can also come into
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existence through atomic disintegration. How-

ever, we have hitherto succeeded in influencing

the elements only in one direction, passing from

the heavier to the lighter atoms. It has always

been easier to demolish than to rebuild, and

knowing the tremendous display of energy re-

quired for dernolishirig we may fancy what will

be required for reversing the process, for making,

let us say, gold out of copper. '

It is a remarkable fact that the heaviest

elements should be also the most unstable (the

only ones which disintegrate spontaneously

occupy the last line of Mendeleeff’s table), and

that the others decompose invariably into

lighter bodies than themselves. Classical

chemistry had already accustomed us to this

notion, that the more complex compounds, whose

molecules are precisely the heaviest, arc, at the

same time, the most unstable
;

those which are

present in living beings, and are extremely^ com-

plicated, seem even incapable of existing in a

state of equilibrium
;

they are so intimately

associated with life that they evolve with it

continually. Thus a chemistry of the elements

seems to be growing up on the model of the
E , 8S
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classical chemistry of compounds. The atom is

no longer the last term
; chemists, following

physicists, are compelled to dissociate it, and are

in their turn wondering what game Nature is

playing by giving us so many reasons for believing

in the discontinuity of matter and so many for

doubting it.
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Wii believe in the existence of matter auto-

matically and instinctively^ on the concordant

evidence of all our senses. But philosophers

and scientists have taught us for ages that our

senses are frequently false witnesses; the art of

the conjurer and of the showman prove this to us

every day. And, as a matter of fact, we would

be extremely puzzled to say what tins matter is

in which we so firmly, believe. It appears to us,

like Proteus, under a thousand different forms.

What are the qualities which define it, which

form its true essence? A question frequently

debated but not easy to answer.

For many Impenetrability is the very essence

of matter. Classical teaching has asserted and

repeated again that two bodies cannot at the

same time Occupy the same place in space, as if it

were an evident and experimentally-ascertained

fact, but nothing is less certain. Oxygen and

nitrogen are confounded in the air which we
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breathe, water and alcohol in the wine which

we drink, so that we are incapable, by any logical

orexperimental process,of defining a volume, be it

ever so small, which will contain oxygen without

nitrogen, or water without alcohol. . On the

other hand, we can realise a space entirely void

of matter and yet practically impenetrable. Let

us imagine a powerful electro-magnet, with its

two iron poles placed a few centimetres apart.

Let us take a sword of the best and sharpest stpel

and try to cleave this space, this field. We c^tild

not succeed had w^e the strength of Samson,

and it is not the small quantity of air between the

poles that prevents us; we might remove it all,

and yet that field would remain equally impene-

trable to our sword. Better abandon as beyond

reason and experiment this ancient notion of

impenetrability, which is merely an heirloom of

Cartesian metaphysics and encumbers our

brains to no purpose.

Let us also neglect all the properties of matter

which are not general or essential, in order to

attain our ob
j
ect . The different sciences, mathe-

matics,. physics and chemistry, are agreed in

characterising matter by three fundimental pro-

: .
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parties'. All matter^ lias mass, is heavy and is

inert.’ It is a remarkable fact that scientists,

belonging to different centuries and having such

diverse training should unite in this common
affirmative. If any object, such as a piece of

chalk, is put in one of the scales of a balance, a

certain weight, say 20 grammes, placed in the

opposite scale will balance it; hence the infer-

ence that the piece of chalk contains as much

matter as the 20 grammes of copper, though it

may not be the same kind of matter, and the

mass of the chalk is said to be 20 grammes.

Whether it be gold, platinum or hydrogen, the

lightest of gases, it can be put in the balan'ce and

the quantity of matter it contains measured.

Here we have therefore a property common to all

kinds of matter, the possession of mass, and

this property is characteristic because if the

operation is repeated at the pole, at the equator,

^ It is interesting to remark that regarding this question of

the essence of matter the ideas of scientists and metaphysicians

have evolved on parallel lines. The hypotheses of Descartes,

which proclaim extension to be the fundamental property of

bodies, have given place to Leibnitz’s conception of a world

based on the existence of force
;
now the notion of force is as

closely associated with the notion of mass and inertia as the

idea of extension is with the idea of impenetrability.
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jor even in the interior of the earth, 6r on the

; moon, the same mass will invariatly "be found

for the same object. If the object is hot or

cold not .the slightest difference will Ije found in

its weight, however accurate the measurement

may be; consequently heat is something im-

material, because its addition to matter leaves

the mass unchanged; the object in the same way

may be electrified without modifying its weight,

hence electricity also is not material.

Here we have at last the sovereign criterion

enabling us to define matter, to trace it every-

where, and if we complete our idea by combining

with it the notion introduced into scienc^^by

Lavoisier we shall conclude that matter i^’mde-

structibleand imperishable, and that itconsfitutes

the primordial and perhaps the sole element of

the world. Here stands the citadel. It is here;

that we must strike if we are to overthrow the

materialistic conception of the universe, but there

remain some outworks to be demolished before

the final assault.

Let us leave for a moment the question of

mass and turn our attention to the meaning of
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weight and inertia. All matter, we are told, is

heavy. Now the piece of chalk which we

mentioned above would lose its weight if it were

taken to the centre of the earth, and the same

would happen if it were placed at a suitable

distance between the earth and the moon, or the

earth and the sun; would it then cease to be

matter? Here is something to give one pause,

but what is more serious still, a profound

mystery cloaks everything connected with

weight. What is weight? We are in absolute

ignorance regarding it. We know that a stone

falls, we do not know why it falls. The exist-

ence of forces hooked on like springs between all

material bodies is a childish hypothesis. Though

we do not know the true nature of weight, we

feel confusedly that it docs not dwell within the

heavy bodies, but outside them; in other words,

that it is the result of a pressure exerted on

bodies by the immaterial medium, which has

been named ether, and to which we shall return

later.

We are also in the habit of saying, on the

strength of official science, that matter is inert

andthat this is one.of its characteristic properties.
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This belief in inertia is the result of superficial ob-

servation. It is true that our piece of chalk will

remain on the table, when once placed there,

until some other moving body, say a hand, comes

into contact with it, and that once thrown into

space it will continue its motion after the pro-

pelling agent has ceased to act. It is again

inertia which compels the mass of the pendulum

to reascend the second part of its trajectory.

Likewise, if we open suddenly the tap of a water-

pipe the liquid docs not immediately reach its

normal speed, and if we shut the tap just as

suddenly, the liquid, carried ahead b}'’ its own

movement, will strike against and perhaps break

the pipe; this is the water hammer familiar to

students of hydraulics. All these actions arc

co-ordinated and explained ingeniously by the

principles of mechanics founded on the existence

,

of forces and on the inertia of matter. We may

be sure that these ideas, on which the human

mind has rested for centuries, are far from being

valueless, and do not deserve our disdain, but

we must not allow the force of habit to trans-

form simple hypotheses into indisputable prin-

ciples. We inust rather recognise that the world
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which we know is beginning to be too vast and

too complicated for them. Inertia to-day holds

its place in our belief thanks only to mental

indolence, and to the absence of a co-ordinated

system of more appropriate hypotheses.

Those who believe in the inertia of matter as

in a scientific dogma would do well to study

the Brownian movement, by observing through a

powerful microscope a small quantity of Chinese

ink diluted with water; tlicy will see in the field

of the instrument solid grains in incessant rnotion,

hurrying to and fro, spinning round like dervishes,

then stopping, only to start again; this goes on

for years, and our observations show that it

may continue for, ever; as a matter of fact some

crystals of quartz are known which contain a

small and entirely enclosed cavity full of liquid,

in which maj?^ be seen a tiny gas bubble in cease-

less agitation, aird this tremor has no doubt been

continuing, evei since the fust ages of the world,,

when the bubble was shut up in its quartz

prison.

Moreover, all our knowledge regarding Nature

confirms this view that the final elements of

matter are in a state of perpetual and spontane-
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ous agitation;^ a lamp, a hot body (and all

bodies are more or less hot), emit the wayes

which constitute radiated light or heat. How
could they do this if their elements weie frozen

in eternal repose? If we consider matter to be

dead it is because we observe it from too great

a distance, or because our eyes are not sharp

enough. In the same way if we could see at a

distance of ten miles an amphitheatre full of

people the whole would strike us as a motionless

mass. Experience, therefore, proves that matter

is never at rest, and though we postulate that its

movement is due to forces which we have nev(‘r

seen and which we can only define as the cause

of this movement, that is simply a hypothesis, a

hypothesis which wc certainly have the right to

make brrt which we must feel to be fragile.

Something remains to be added to all these

arguments. Classical science tells us that every-

thing possessed of inertia is matter, everything

not possessing inertia is immaterial; heat is

immaterial, because it is incapable of over-

shooting its position of equilibrium, of ascending

from a cold body to a hot one after having

descended from a hot body to a cold one.
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But what are we to think of electricity?

Electricity is not matter and yet it possesses a

true inertia. ' When the free ends of two copper

wires connected to the terminals of a cell are

brought into contact a current passes over them,

but it does not reach instantaneously its normal

strength, it requires a certain time to do so, as if

the cell had to overcome a certain inertia; and

again, when the two copper wires are separated

ithe current does not stop instantaneously, it can

even force a passage across the air separating

the wires and produce a spark. We cannot fail

to notice the striking analogy between this

phenomenon and what we were saying a

moment ago about the movement of a stream of

water. And yet for years we shut our eyes and

disregarded this analogy
;
we even relegated the

two phenomena to opposite extremities of the

domain of science, and called them by different

names in orderAo reduce the temptation to place

them together. To-day several scientists,

among others Sir Oliver Lodge, the celebrated

physicist of Birmingham, have removed the mote

from our eyes. They go even further and think

that there is, in reality no other inertia but that
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of electricity, and that the inertia of matter is

due to the electric charges which it bears.

All this shows clearly that our attempts to

complete our original conceptions of matter have

not led to precise and coherent results. But we

are only at the beginning of our difficulties.

Matter, even with the addition of all possible

forces, is insufficient to explain many pheno-

mena. Let us, for example, consider light. MV
know, beyond doubt, that between the eUrtl^^ thi.

sun and the stars there is no trace of iTi$tter

except the very thin layers forming the atimos-

phere of these bodies, and we also know> that

light is merely a vibratory movement, which is

propagated at the rate of 186,000 miles per

second. Thus, from the moment a ray of light

leaves Sirius until it reaches us eight years elapse.

During this long journey over the paths of the

heavens the light was no longer on the star, nor

was it in our atmosphere. Where was it then?

What has been vibrating? Thus our poor mind,

which has to struggle with problems above its

power, is compelled to imagine the ether, this

medium which fills the universe and transports
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by its vibrations the -radiations of light, heat,'

electricity, and perhaps even actions at a distance,

such as the attraction exercised between heavenly

bodies.

I am well aware that at the mention of ether

those who are not in constant contact with

scientific thought cannot avoid feeling incredu-

lous. They find it difficult to accept the reality

of such a medium, which our senses cannot reach

directly, and wonder whether we are not allow-

ing ourselves to be deceived by philosophical

dreaming. On the other hand scientists ha,ve,

by force of habit, come to believe in ether as we

believe ip dur own existence. This deep faith

docs not prove them to be in the right, but the

disagreement vanishes when we take the trouble

to clearly understand the value and the implica-

tions of our scientific hypotheses. It must be

clearly -understood that we pretend to no know-

ledge concerning the reality of the external

world. We know only our own sensations, due

either to observation or to experiment
;

all we
attempt is therefore to form a mental image in

agreement with these sensations; our preten-

sions go no further. We arc like people looking
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at a watch whose case they must not open, who
wonder how the watch manages to go. All that

we can require of a hypothesis is that it should

connect the known facts into a coherent systejii

consistent with the remainder of our knowledge.

It is impossible for us to go further.

Consequently the question is not whether the

ether really exists or not, but what qualities must

be attributed to it in order to explain known

facts. Were wc to imagine the ether as a gns

more tenuous even than h3^drogen, we should bt

on the wrong course and should explain nothing.

Assuredly eth(;r must have a very low density.

According to the calculations of M. BrilloUih ojic

gramme of ether should occupy a volume ot,

roughly, one cubic kilometre. If we 'consider

that a like volume of air weighs 1,300,0-00 metric

tons, the ether will impress us as being practically

imponderable, but it is not a fluid. We may say,

however extraordinary it may seem, that it has

rather the properties of a solid. Lord Kelvin,

the admirable physicist, whose eyes saw farther

than the eyes of other men, compared it to a jelly

,

or to pitch. Like a jelly it quivers at the

slightest shock, and vibrations are propa-
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gated through it like the circles in water into

which a stone is dropped, at the tremendous

speed of 186,000 miles per second. But the ether

is also viscous like pitch. If on a cake of pitch,

perfectly solid in appearance, we place a lead

bullet, we find that it sinks little by little, so that

after a year’s time it has penetrated five or six

centimetres into the pitch. Similarly material

bodies immersed in the ether can change their

place in it, thanks to its viscosity, but at much
higher speeds than the ball in the cake of pitch.

Thus the earth in its annual movement forces -its

way through the ether at the rate of thirty kilo-

metres per second.

As a matter of fact all these comparisons are

lame; the ether differs profoundly from matter,

and only an infirmity of our nature compels us to

borrow our comparisons from this matter, which

alone is known to our senses. In reality it is

only in the language of mathematics that precise

expression can be given to the properties of the

ether. This expression has been provided by
Maxwell, Hertz and their successors. It sums
up our knowledge, still very incomplete, of the

nature of the ether.

,
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Matter and ether^ these are the materials

with which our scientific theories have tried to

construct an image of the world. This struc-

ture was being built up gradually and

methodically, when at the end of the nine-

teenth century an event, which all must

remember, gave a gr(\at impulse to the

evolution of science and imparted to it

an unexpected turn. The great discovery of

Rdntgen, and tliose of Becquerel and of Curie,

revealed to us a new world. Scientists, Swho

were at first dazed by the mysterious X of the

new rays, arc gradually recovering equ<animity,

thanks chiefly, it must be said, to the audacity

of the physicists of the Cambridge school under

the leadership of Professor J. J. Thomson, whose

labours have recently met with their .'deserved

reward in the shape of a Nobel prize! All our

views regarding matter have to-day been su

completely remoulded that before proceeding

farther we must devote some space to the e.x-

planation of this metamorphosis.

Let us consider a Rontgen ray bulb. It

consists of a glass vessel into^/which penetrate

two metal wires connected to two platinum
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discsj the anode and the kathode; a practically

complete vacuum has been produced in the bulb,

leaving barely one millionth of the gas which

originally filled it, after which the bulb was

closed. If we now send an electric current

through it from the anode to the kathode mar-

vellous things are to be observt^d. Outside the

tube the marvel consists in what everybody knows

as X rays or Rontgen rays. We shall not describe

them, but merely recall the fact that to-day physi-

cists attribute them to movements of the ether,

propagated in isolated waves, whereas luminous

waves are propagated in regular and equidistant

series. The difference between light and the

X rays is therefore comparable to the difference

between the regular sound of a musical instru-

ment and the rattle of musketry. Other equally

extraordinary phenomena, though of an entirely

different nature, occur inside the tube. From
the kathojde, and perpendicularly to its surface, a

flow of something escapes, and continues to move
in a straight line as long as it finds space before

it in the tube, This kathode flow carries with it

negative electricity, which can be collected and
its quantity measured. At the same time, in
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the opposite direction, another current is flowing

which carries positive electric charges. Now,

since electricity has been known, never have

electric charges been seen existing independently

of a material support. So' the logical inference

is that these electric charges emanating from

the kathode are borne by grains of matter; the

gas in the tube must have separated into^^wo

parts, which travel in opposite directions l^^^g
contrary charges. What happens within ll^^as

seems analogous to what occurs in the electrolysis

of acidulated water or of soda lye, and this

analogy is one of our chief reasons for looking

on these j)henonicna in the way wo have just

explained. This hypothesis is capable of con-

firmation, and that is its chief merit. We can

determine the speed and the mass of the material

elements which travel in this manner inside the

Rfintgen tube.

In order to realise this let us examine the

corresponding problem of ballistics. Let us

consider a ball leaving a cannon at a given

angle to the horizon
; its trajectory is a curve, a

parabola, which we can determine, and the know-

ledge of this trajectory enables us to find the
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initial velocity of the bullet . Thus
,
the explosive

force of the powder being known, we can also

measure the kinetic energy of the bullet, equal

to its mass piultiplied by the square of its

velocity; when the kinetic energy and the

velocity are known the mass of the bullet is

determined. .

The study of kathode rays presents an

analogous problem. The velocity of our tiny

kathode projectiles is, too liigli for the action of

weight to affect them, but other knowii forces are

capable of deflecting their trajectories. Under

the action of a magnet or an electrified body

we can see the kathode rays curving dis-

tinctly, and on the other hand we can measure

the kinetic energy communicated to the cor-

})uscles by the electric discharge which puts

them in motion.

The above comparison, though somewhat

vague, enables us at least to perceive the possi-

bility of experimenting with these atomic dusts.

In fact numerous experiments have been made
distirict both in principle and in experimental

disposition. Nevertheless the results olitained

are remarkably concordant
;
nothing short of this
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could have rallied physicists, at first sceptical,

round the theoretical views of the English school.

They all agree to-day in admitting that the

kathode stream consists of material particles,

each with a mass equal to one thousandth of the

mass of an atom of hydrogen. We have here a

new material element, which has been called an

electron or corpuscle, and this electron is invari-

ably found to have the same mass, whatever gas

may have been left in the Rontgen tube; it

further appears unaltered in all the phenomena

to be described later on: emission from radio-

active bodies, from flames, from sparkis, irom

metals exposed to light; its speed alone varies;

it seems therefore to constitute the primordial

unit of disaggregated matter.

This Shows all the fragility of our theories.

Scientistshad required centuries tofindthe atoms,

last and indivisible elements of matter ; . they

had succeeded in counting and weighing them,

in discovering that each cubic millimetre of the

air surrounding us contains ten thousand billions

of them, moving in all directions with speeds of

nearly 500 yards per second. ' Suddenly the

spectacle changes, the atom falls to dust^'and the

XO4
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electron appears- on the scene, a thousanci

times lighter than the lightest atom. In the

presence of such a cataclysm the first and natural

impulse was to stick the pieces together and

attempt to reconstruct the atom. With the

electrons this has been done more or less success-

fully. To-day the atom of matter no longer

appears to us as an indestructible mass but as a

sort of solar system formed by a central group

or nucleus charged with }rositive electricity

around which negative electrons gravitate in

closed orbits. Several hundred electrons are con-

tained in one atom of hydrogen, several thou-

sand in an atom of sodium or of mercury, and

they are extremely minute compared with the

dimensions of an atom. “ If we depict,” says Sir

Oliver Lodge, ” the electron by a ]rrintei'‘’s dot,

the atom, on the same scale would be repre-

sented by an edifice i6o feet long, 130 feet

broad and 40 feet high. In fact the electrons

only occupy this space as soldiers occupy a

country; they patrol it in all directions at

enormous speeds. It is their energy and not

their mass that constitutes the unity of the

atom.”
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Thus we find that the infinitely small, which

, we had thought final, has itself grown into a

world, and that experience leads us once more

to Pascal’s vision:

—

“ What is man in infinity? Who can under-

stand it ? But if he desires to discover an equally

astonishing marvel let him study the most

minute things known to him. Thus a mite, in the

smallness of its body, presents incomparably

smaller parts, legs with joints, veins in these

legs, blood in these veins, humours in this blood,

drops in these humours, vapours in these drops.

Let him exhaust strength and invention in the

further division of tliose last things, and let the

last object which he can attain form the subject

of our discourse. He will perhaps think that this

is the smallest thing possible in Nature. I will

show him a new abyss within it. I will depict not

only the visible universe but all that he can

conceive of the immensity of Nature within the

bounds of this imperceptible atom. He will see

in it an infinitude of worlds, each with its

firmament, its planets, its earth in the same

proportions as the visible world, on this earth

animals, and finally mites, in which he will
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discover all that the original mites showed/

and he will agaii( find in these the same parts

ad infinitum.”

Such is our present position. However, let

us. try to see with the eyes of the mind these

^complex atoms wherein gravitate thousands of

electrons. These things are living an intense"

life, they are vibrating in the midst of the ether.

Hence- it is easy to conceive that from time to

time a corpuscle should forsake its trajectory

and shoot into space, like a stone thrown from

a sling. This will occur when the surrounding

ether is traversed by unusually sudden and

rapid waves; this is the effect produced by X rays

and , certain luminous radiations, or when an

increase of temperature raises the speed of the

corpuscles and puts strain upon their trajec-

tories until they break, as actually happens

with flames and incandescent solids. There

are even bodies, known as radio-active bodies,

which, decompose spontaneously and keep up

a ceaseless bombardment of space with their

electrons.

In consequence of all these causes the world

is full (^ wandering corpuscles. Hot springs,
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numerous minerals, flames, metals exposed to the

sun’s light, even* snow, falling rain and leaves of

trees, are emitting them incessantly. The ex-

periments which ' reveal this emission are ex-

tremely simple; so it is a subjecll of surprise that

all these things should have escaped our atten-

tion so long. But such is the eternal history of

the progress of science,'and the world is still full

of mysterious things invisible to us but which

the eyes of our successors will see as qt^j^wn

distinguish the light of day.

Physicists possess to-day numeroifs means

of producing corpuscles, and are able to define

their trajectory and determine their .speed.

They dispose of an artillery whose projectiles,

all of the same mass, make up for their minute

size by their enormous speed. Thus the electrons

discharged from a metal plate c-cposed to ultra-

violet light liave a speed of a thousand kilo-

metres per second
;

the electrons propagated in

Rontgen tubes and forming kathode rays may,

according to circumstances, reach speeds of from

20,000 to 100,000 kilometres, wl^ile the rays

emitted by radium are still more rapfd. Their

speed ranges between 100,000 and 297,000
108
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kilometres per second, nearly the velocity of

light. Let us note this result. It' deserves t6

retain our attention, because it shows us that

the highest speed we can impart to matter is

apparently equal to tlie velocity of the ether

waves!" It would be unscientific to attribute

this, coincidence to chance. We shall, in fact,

see that an explanation is possible, and at the

same time we shall complete our knowledge of

the nature of electrons. With this end in view

let us resume and carry to its conclusion our

comparison between electrons and moving pro-

jectiles. Let us consider a bullet flying through

the air. Has it only to cut through an inert

and motionless medium? We all know that

this is not the case, but that the bullet is accom-

panied by a wake which spreads through the

air after the passage of the projectile. This wake

is a disturbed region, deriving its movement

from the' energy of the projectile, so that the

energy of the gun is not expended on the mass

of the bullet alone, but is partly absorbed by the

column of air disturbed by the wake. All these

things happen as if the projectile had an apparent

mass greater than its real mass. The excess of
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tfie apparent mass over the real mass is insig-

'hiiicant at low speeds, but increases' with the

speed concurrently with the energy communi-

cated to the surrounding air.
,

Now all that we have to do is to apply this

observation to the infinitely small bullets called

corpuscles, and to the ether in which they pro-

gress. The electric charge, carried by the

corpuscle, gives rise to a true electric current,

which appears at each point of the trajectory

when the charge reaches it and disappears as

soon as the charge has passed. Now a current

of this description produces in the surrounding

ether perturbations called, in the language of

physics, induced currents, and these induced

currents, which accompany the electron on its

flight, absorb part of its^encrgy, a part which

increases with the speed. The corpuscle has,

therefore, like the bullet, a true mass and an

apparent mass, the latter increasing with the

speed. The physicist. Sir J. J. Thomson, whose

name has already been mentioned, succeeded in

calculating the law of this variation, and found

that the apparent mass of the electron would

become , infinitely great, at a speed equal to the

no



velocity of light;, which simply means that this

velocity constitutes a limit which no corpuscle

ever can'reach, because no matter how great the

energy brought into action it could never move

a mass which had become infinite.

These theoretical inferences of the English

scientist have been fully confirmed by the ex-

periments of Simon and Kaufmann. These two

physicists succeeded in measuring the apparent

mass of corpuscles moving at different speeds,

and they found that it increases rapidly as

the speeds approach 300,000 kilometres per

second.

We are thus already practically sure that the

entire ma.s^ of the corpuscle cannot consist of

matter. But are we sure that any part of it is

really due to matter? A German physicist,

Herr Max Abraham, asked himself the same

question; and to clear up the matter he sub-

jected to mathematical analysis the case of a

hypothetical corpuscle consisting solely of an

electric charge without any material mass

at all. ^ has an apparent mass due to

its wake aldhej and it is possible to calculate for

different^ 'speeds the corresponding apparent
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; 'masses. The rfesults obtained on this hypothesis

f.agree very well with Simon and Kaufmann’s’

;experiments. I;

The logical inference from all this is eyid^t.

The corpuscle is quite free from matter is

merely an electric charge moving in the^ether.

The extent of our knowledge regard^g the

piositive nucleus composing the remhi&ider of

the atom is small, but M. Poincare, who is both

a great mathematician and an eminent physicist,

affirms that if there is no matter in the nega-

tive charges the positive charges must also be

free from it. Thus the atom has been deniaterial-

ised, if one may say so, and with it the mole-

cules and, the entire universe. Matter disap-

pears, and we and all that surrounds us remain

mere disturbed regions of the ether, determined

by moving electric charges. A logical, if un-

foreseen, conclusion, because it is by increasing

'If I represents the mass of the corpuscle at low speed,

the apparent mass measured is as follows :-r-

Kor a speed of 220,000 kilometres per second i-SP-

it „ 240,000 >> 91 .

1-53

9) „ 260,000 91 91 1.78

t> ,, 288,000 11 >> 2.44

,
„ 297,000 11 )> s 5-A

II2
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their Knowledge 'of matter that physicists have

been led to .doubt i^^

Are these things certain? One must beware

of believing it. To-morrow perhaps the wind

of a new theory may sweep away all these

hypotheses. We are upon scientific ground of*

too recent date for it to be possible to build solid

structures. But it is curious' to remark that all

these modern theories bring us back to the ideas

of' Helmholtz, one of tlie greatest geniuses of the

nineteenth century. Helmholtz was a smoker,

but great men profit even by their faults. The

smoke rings which sometim(;s left the bowl of

his pipe and rose slowly in the air revolving on

themselves set him thinking. The idea struck

him that atoms might pcrha})s be similar vortices

formed within the ether and consisting of ether.

He subjected the problenr to analysis, and found

that in a medium free from viscosity such

vortices should persist indefinitely. This is

exactly one of the characteristics 6f the atoms

or of the corpuscle. There is nothing absurd

in imagining that the two possible directions of

rotation of the vortex on itself correspond to the

positive an4!%egative electric charges which
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we have attached to the final elements of

itiatter. This would realise that unity to which

the logic of our mind inclines, by reducing to

'a single element the ether, the trinity of matter,

ether and electricity, out of which science had

hitherto striven to construct the image, of the

world. . . . But let us leave these fancies of

our imagination. No theory, which is beyond

the reach of experiment, deserves to be called

a scientific theory.

.Now, let us conclude with a few words of

general inference. As our knowledge of th(‘

world is gradually completed by new and more

^delicate experiments we find that the 'original

conception of it, derived from our senses, is

ibeing profoundly transformed, and that new

forms are peopling space. Imagine how the ideas

of a man would be transformed if, having known

the world by touch alone, he were successively

to gain his hearing and his sight. But each

great discovery of science bestows upon us a new

sense, and the world which it'makes known to us

is neither more nor less real than f^e world

which our hands can touch and our eyes can see,

Jbecause like the latter it has beeritreyealed to us
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by observation and experiment, but it is infinitely

vaster and richer. As for the scientific theories

which fallow each other with such rapidity, we

cannot expect them to reveal what lies hidden

behind phenomena or what is the final plan of

the universe. However^ they are something

more than wind and smoke — they respect

established facts; and if they cannot
, explain

they at least classify them. This is their great,

perhaps their only merit. They are attempts at

rational classification, attempts which must be

recast whenever a new harvest enriches our

knowledge. The harvests accumulate cease-

lessly, and the palace of hypothesis in which they

are stored is ever in process of reconstruction.

It is for this very reason tliat science is alive.



THE INTERIOR OF THE EARTH

The radius of the earth is about 3950 miles long.

Of this enormous thickness a few yards are

sufficient for us to live and die in, and we have

never penetrated deeper than a mile and a

quarter. What is there lower down? Are we

resting on a solid block or floating on Jt raft?

It is hardly credible that, after so many centuries

of civilisation, we should have progressed so

little on this point, that we should know so imieli

about far-off worlds and so little about the

interior of our own. Rut if the earth begins to

tremble, or if volcanoes arise, our thoughts turn

to the disquieting mystery of the depths and to

cosmogonic hypothe.ses.

We stUl retain the conception of Descartes

and of Newton which Laplace perpetuated in

an admirable synthesis. For us the earth is a

fragment of the original solar nebula condensed

into a liquid sphere, which, while cooling gradu-

ally, has covered ifself with a solid crust, Blit on

what experimental basis does this;?belief rest?

it6
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'Tb.& Exposition du syst^me du monde appeared

in 1795, and iht Mecanique cSleste was published

from 1799 to 1825, barely at the dawn of experi-

mental science. Since then the development of

geology and physics has been marvellous. If

they supply few new arguments they at least

enable us to weigh more accurately the old

ones and to reach, if not certitude, a high degree

of probability. However, we must not allow

ourselves to be confused by the theoretical

speculations of which science, and especially

English science, is full. We must not be disturbed

by deservedly famous names nor by the rigour of

mathematical reasoning. That Darwin and Lord

Kelvin, by postulating an incompressible central

fluid, surrounded by an elastic envelope, or that

Hopkinson, by depriving this internal fluid of

viscosity, should have reached conclusions in-

compatible with Laplace’s theory, proves nothing

beyond the inaccuracy of the initial hypotheses.

These speculations have not revealed the truth,

nor could they have done so. To know it we
mustexamine Nature directly, classifyand analyse
known facts, and draw the inductions which ap-.

pear most probable hi the present state of science.
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Birst of all, one thing is certain, the earth has

.been fluid at some period of its Evolution. Of

this we have two proofs, each sufficient to carry

conviction. The first, known already to New-

ton, is based on the flattening of the earth, but

some explanation is necessary to enable us to

appreciate its value. The oceans cover three-

quarters of the globe, and their surface of equili-

brium is placed upon an ellipsoid of revolution,

which differs very little from a sphere, a.s- its

equatorial radius is only 13J miles longer than

its polar radius. This proves only that the

earth rotates. This rotation gives rise to a

centrifugal force, which increases from pole to

equator with the radius of rotation. Conse-

quently the mass of equatorial waters, being

relieved of part of its weight by this contrary

force, rises higher than the mass of polar

waters, and the ascertained difference of level

is precisely what results by calculation from

the velocity of rotation.
^

But let us suppose all this liquid absent, or

pumped on to some other planet,’ leaving the

earth’s crust quite dry. It would appear to us

ridged and irregular, hollowe^'^; into profound
' '

, n8 -
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abysses ana eievatea into enormous mountains.

If, however; we reduce all these dimensions to the

scale of a globe three feet in diameter, mountains

and abysses appear to us as imperceptible

wrinkles, as shallow furrows at most ^Vth of an

inch deep or high. They are all mere surface

accidents. The general form remains obvious;

it is still a sphere, slightly flattened at the

extremities of its polar axis. The equatorial

diameter exceeds the polar diameter by about |^th

of an inch.

Thus, notwithstanding the erosion of the

waters and the dislocations produced by sub-

terranean convulsions, the earth has not been

altered to such an extent that one cannot

recognise its primitive shape, and even if our

globe were actually solid to the core it must

have been fluid in the past in order to haye

assumed this form.

Another equally conclusive proof is based

on the distribution of densities within the

:
globe. We all know the law of universal gravita-

I

tion which it was Newton’s glory to derive from

I

the law& of V pla,netary motion, formulated by

\
Kepler. It , teaches us that between anv two
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material objects there exists a lorce or attrac-

tion proportional to their masses anil acting in

inverse ratio to the square of their distances.

Had it been possible for any doubts to subsist

after Newton regarding this attraction, Caven-

dish would have dispelled them in 1798 by

measuring it directly by means of very sensitive

balances. The experiment has since been re-

peated many times, and we now know precisely

that two masses, each equal to one kilogramme,

and placed one metre apart, attract one another

with a force equal to 6.7 millionths of a milli-

gramme. Now, the attraction of the earth for

a kilogramme placed at its surface is precisely

equal to the weight of the kilogramme. This

enables the mass of the earth to be determined

by simple proportion; it is found to be 5875

million billion metrical tons. Dividing this

figure by the volume of the earth we obtain its

mean density, which the most recent determina-

tions fix at 5.56. The earth is on aii average

five and a half times heavier than water. But

this is only the mean density, and it is very easy

to see that in the superficial layers of the globe

the weight of the heaviest materials is consider-
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ably lower than this mean density. Thus the'

density of marble is 2.7, of lava 2.4, of granite

2.6; hence to compensate for this the deep

layers must be heavier. Calculations by Roche

and experiments by Airy make it probable that

this internal density is about 7. This is approxi-

mately the density of the common metals, zinc,

iron, and copper. The available data lead to the

conclusion that the still denser metals—silver,

mercury, gold, platinum—must be confined to

the more central regions of the globe, so that

disturbances and displacements capable of

bringing them to the surface must have been

relatively much rarer. This would explain

why the most precious metals are also the

heaviest.

In any case one fact is certain : that for a con-

siderable depth, greatly in excess of that of the

layer of crust altered by external influences, the

density of terrestrial materials increases with the

depth. Such a result would be inexplicable unless

at sofne period the fluidity of these materials

had enabled them to grade according to density.

We are thus certain that the earth has been

liquid; it is a globe in process of cooling, and
121



i®he Evolution of the Sciences

the wrinkles of its crust indicate the shrinkage

its volume.

But then another question arises, wnat

stage of cooling has the earth actually reached?

Is it still liquid in its interior, and, if so, how

thick is the solidified layer? Or is it only locally

that cavities are to be found full of still liquid

matter? Or again, is the entire mass solid?

In order to avoid ambiguity in the examina-

tion of this question we intend to confine our-

selves to facts, and to inquire into the present

means at our disposal for ascertaining what is

going on within the earth. Among the chief

3f these may be mentioned the study of strati-

fications, of magnetism, of the variation of

temperature with depth, and finally the study

of the movements of the ground and of eruptions.

Hitherto the principal work of the geologist

has consisted in differentiating the various

formations, ascertaining the chronological order

in which they were laid down, their form and

superposition. Perhaps the most admirable

feature of this work is the certainty with which

it' has enabled a knowledge of the deep-lying
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regions td he iiiferred from the study of more’

superficial ' formations. One can follow within

the earth’s crust the geological strata encased

one withm the other and determine the sequence

and thickness of the strata that a well sunk at

any point of the globe would traverse. Every

day brings forth new applications of strati-

graphy to mining or hydrological research. But

all this science stops short at the granite. What

is the thickness of this bottom bed? What is

there beneath it? Paleontology is silent and

petrology has very little to teach.

The' same may be said of the magnetic in-

vestigation of the globe, an infant science which

gives promise of great things for the future.

It has hitherto confined itself to the deter-

mination of magnetic constants for all points of

the earth’s surface, and has already been able

to reveal faults and internal dislocations, which

might have for years escaped the perspicacity of

geologists. Some day it will no doubt be pos-

sible to separate the share of magnetic action

due to electric earth currents from the mag-

netism of the rocks themselves. It will then be

possible tp begin usefuUy the study of sub-
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yt^rrahean magnetism, nnd to determine the

.surfaces of which the curves on , our magnetic

charts are merely the surface traces. . This will

be of great assistanpe to stratigraphy. 'But

no one can tell at pf’esent whether this means of

investigation will enable us to study the metallic

masses, v^hose existence we suspect beneath

the siliceous crust which forms the globe’s

surface.

If the magnetic needle docs not, as yet,

supply useful indications regarding the deeper

regions of the globe, the thermometer instead

affords us information of the highest ini&rest.

The surface temperature of the ground Varies

according to place, season, day and hour, and

depends closely on the heat received irom the

sun, and on that radiated by the earth into the

atmosphere, but the temperature varies only in a

shallow, superficial layer of ground. Even the

most extreme temperatures in the year do not

affect it to a greater depth than seventy feet.

Below this film, sensible to external influences,

the temperature remains rigorously constant at

every poiiu of the globe. ' Thus a thermometer

kept for over a century in the cellars of the Paris
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Observatory’*' has never ceased to show exactly

the same temperature, 11.82° centigrade.

But this temperature, while constant in

every single position, increases with the depth.

This increase has been observed under the most

varied conditions in borings, mine shafts, etc.

It is also manifested by the high temperature

of waters springing from the depths of the

ground. The waters of Hammam-Maskoutine in

Algeria leave the ground at a temperature of

95° centigrade, and the temperature of the Great

Geyser of Iceland, measured inside the funnel

and near the surface, mounts as high as 126°

centigrade. As a consequence of the same

phenomenon water has been, found in Siberia

unfrozen at a depth of 420 feet, under a layer of

ice whose temperature at the surface was 10°

below zero. The law of the increase of tempera-

ture with the depth is therefore general, and the

very rare exceptions observed are easily ac-

counted for by local conditions.

This thermic variation necessarily causes a

flow of heat from the hot, internal regions to the

cooler surface regions. Therefore the earth is

constantly cooling and radiates to the exterior
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^quantity of heat which may be estimated

roughly at one calorie * per square metre per

minute. The sun, on a fine summer day, sheds

on the same surface in the same space of time a

calorific energy twenty thousand times grep.ter.

Thus the contribution of the central heat is insen-

sible to us, chiefly owing to its extreme feeble-

ness and partly because it is constant; we are

affected only by variations of temperature.

These figures enable us, notwithstanding^ their

indifferent accuracy, to estimate in passing the

value of an idea which finds frequent expression,

viz.. Why not take the necessary heat for supply-

ing our industrial requirements from the furnace

beneath our feet?"'

^ Caloric is the quantity of heat required to raise the

temperature of one gramme of water one degree C.
^ We may recall the words pronounced by M. Berthelot

{Science et Morale^ p. 508) in a most humorous^ description

of the state of the world in the year 2000: .“To tap the

central heat, all that is needed are shaft's sunk to a depth of

four or five thousand metres, a task probably within the power

of living engineers, and still more of those of the future.

There would be found heat, the origin of all life and all

industries. At the bottom of these shafts water would reach

a high temperature, and would develop sufScient pressure to

driye all possible engines. Power would therefore be available

at all points of the globe, and thousands of centjirie^ould
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No, doubt it would'be possible to sink borings

to depths where the temperature would exceed

that of boiling water, but that is not the question.

Whatever the temperature the amount of heat

available for use could never exceed the supply

derived from the central regions. Thus it follows,

from the figure given above for that amount, that

to develop ten horse power with a steam engine

of average efficiency supplied with steam by the

terrestrial furnace all the heat passing through

something like half a square mile of the earth’s

crust would have to be intercepted.

While we know beyond doubt that the earth

is cooling, it vmuld be equally interesting to

determine the law of the rise of temperature

in its interior. Here we must leave all hope of

certainty and be satisfied with probabilities.

Our facts take us no deeper than one mile and a

quarter; beyond that wc can only proceed by

induction. But the probability of this induc-

tion depends on the reliability of the obserya-

pass before the supply showed any signs of decrease,” The
great chemist did not look on this as a mere fancy, because
this same idea pf obtaining energy, cost free, from the earth’s

central heat reappears, in a more recent publication {Science ei

Libre p. 192),
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^tions made in the shallow layer of the earth,

accessible to our investigation. The ideal con-

:xiition would be presented by a layer of ground

sufficiently homogeneous to be of constant

calorific conductivity throughout, and thick

enough to permit the precise measurement of

what is called the geothermic degree, that is to

say, the thickness of ground which corresponds

to an increase of temperature equal to i° centi-

grade.

This condition was very nearly realised in a

boring sunk at Sperenberg, south of Berlin.

Out of a total depth of 1380 yards the drill

remained for nearly 1100 yards in a bed of rock

salt; at the bottom the temperature reached

48° centigrade, corresponding to a mean geother-

mic degree of thirty-six yards. However, 'in

spite of the remarkable homogeneousness ofithe

formation the thermometer readings taken at dif-

ferent depths were far from showing a regular rise

of temperature. In particular the deepest section,

between 1170 and 1340 yards down, gave a,

geothermic degree of 145 yards.

These results were at first interpreted unJ';

favourably to the central heat theory. Carl
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Vogt tooK occasion irom tnem to dub the

hypothesis “an avatar of the ancient Tartarus

myth/’ while Mohr wrote that the results ob-

tained in the Sperenberg boring had cruelly

annihilated the ancient doctrine of the central

heat.

^
It was premature to draw from this experi-

ment such final conclusions, especially knowing

how greatly the calorific conductivity varies even

in apparently homogeneous formations. Even

at Sperenberg one measurement taken between

330 yards and 440 yards deep gave a degree of

154 yards, while the measurements immediately

above ahd below gave twenty-three and thirty

yards respectively. The wiser course was to

continue making experiments. This has been

done. At Schladebach, in Saxony, a bpring 1920

yards deep was sunk. The temperature at the

bottom reached 56° centigrade, and the mean

geothermic degree was forty yards. Finally at

Paruchowitz/in Silesia, a boring was sunk 2200

yards into the ground. At the surface the tem-

perature was 12°; at the bottom it reached

69-3° centigrade, giving a geothermic .degree of

thirty-sev^n yards.
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These determinations seem to' inchcate that

''the thermic progression is very regular, and do

not show any tendency for it to decrease at the

extreme depths. It therefore seems incontest-

able that the temperature must continhe in-

creasing to much greater depths. The tempera-

ture at a depth of about four miles will certainly

be, as stated by M. de Lapparent, very near 170°

centigrade. But does it ever rise high enough

to melt the deep-seated rocks? We must

examine this question in detail.

A rise of 1° every 38^ yards would lead

To a temperature of 2000° centigrade at .a depth

of about forty-four miles, and such a tempera-

ture is sufficient to melt in the retorts of our

laboratories all the metals and nearly all re-

fractory materials. The melting temperatures

of the principal rocks arc known to-day with

accuracy, thanks especially to the researches

carried out by the U.S.A. Geological Survey.

Basalt, the commonest constituent of the lavas

erupted by volcanoes, melts at 880°,' and the

components of granite, mica, felspar and' quartz

have their melting points at 1440'’, 1520° and

ic775°C.
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But these melting points certainly do riol

remain' unaiteired at the enormous pressures tc

which the internal rocks are subjected by the

weight of superjacent material; at a depth oi

forty-four miles the pressure must reach nearly

20,000 atmospheres. As siich pressures have

never been obtained in a laboratory we do not

know how they might affect the properties of

matter. It is, however, highly probable that

they would not raise the melting temperature

more than 400° or 500° centigrade.

According to the determinations of the

Geological Survey, diabase, which under normal

conditions melts at 1170° centigrade, would

reach its melting point under a pressure of

10^000 atmospheres only at 1420°, on the assump-

tion that, the melting point continues to alter

at these high pressures at the same rate as at

lower pressures
;
but other experiments show that

the rate of progression declines with the increase

of the pressure.

Taking into consideration all these experi-

mental results we may conclude, with some
degree of probability but not of certainty, that

the rocks fotming the lowest solid bed of the
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globe reach their melting temperature at a depth

of between forty and sixty-five miles, which

/would also' be the mean thickness of the solid

crust of the globe. This hypothesis is sup-

ported by observations of another order.

Those who believe the form of the earth to

be invariable are strangely mistaken. Their

mistake is not shared by the inhabjt^nts of

some central American provinces, who have

never seen a year go by without the earth

shaking under their feet.

In our own countries the vibrations, though

weaker, are not less frequent. M. Fuchs

counted 1184 earthquakes between 1865 and

1873, and a Scientific Committee registered 166

in Switzerland during the single year .t88i. In

addition to the violent shocks which force them-

selves on our attention by their disastrous con-

sequences slighter tremors are continually run-

ning through the ground. They are recorded in

numerous observatories by instruments called

seismographs. The simplest consists of a pendu-

lum, free to oscillate in every direction, and

provided at its lower extremity with a marker.
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As soon; as the ground shakes the pendulum

swings and traces on a sheet of paper fixed

underneath a line of varying amplitude in the

direction of the motion.

These undulations come from afar. At times

they seem to emanate from a single centre, at

others to start from all points of a certain line

;

again the shocks originate in a more or less

extensive area, from which they are propagated,

gradually losing strength as they proceed. We
shall only consider the simpler case in which the

waves' derive from a single centre.

.
Suppose such a disturbance to take place in

a country where the internal structure of the

ground is as uniform as possible. At the first

shock all clocks stop, and record in this way
at every point of a vast territory the i)recise

instant when the ground began to shake. One
of all these clocks will be found to have stopped

first. The spot which it occupied is called the

epicentre of the earthquake, that is to say, the

original shock occurred underneath this point at

a distance which , remains to be determined.

Now the records of the various clocks disclose

the points reached by the seismic wave one, two,
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three and four seconds after its orijgin. If the

centre of disturbance were on the ' surface, and

if the ground were homogeneous, these positions

of the surface wave would describe round the

epicentre concentric and equidistant circles.

If, on the contrary, the origin of the disturbance

were at the very centre of the earth, the

wave would reach simultaneously every point of

the surface. In reality all cases occur between

these two extremes and much nearer the

first than the second. The distance
,

be-

tween the circles of disturbance decreases

as they are removed from the epicentre; from

their positions it is possible to estimate

with some accuracy the, original depth of

the disturbance. The method just mentioned

is, however, not the only one, and the ingen-

uity of geologists has multiplied methods and

observations concerning this very important

question j ;

Now, all observers are agreed regarding one

point, viz., that the centre of disturbance is

invariably situated within a short distance from

the surface. This is the result of one hundred

and fifty observations, made with the greatest
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care, among which we. may quote the follow-

mg.\

Date. Locality of the Earthquake.
Depth of the Centre
of Disturbance in

Miles.

1884 Ischia .62

1857 Calabria 3.41 to 4.7

1872 Central Germany 1

1

. 18

1884 Andalusia 1 1 . 18

1887 Genoese Riviera 1

1

. 18

1886 Charleston 18

1869 Cachar 39.8

Thus all earthquakes investigated have arisen

within the thickness assigned by us to the solid

part of the globe. Is this merely an accident?

Apparently not. Whether we attribute earth-

quakes to the collapse of cavities excavated

by the erosion of subterranean waters, or whether

we consider them ruptures and dislocations

produced by the pressure of internal lavas,

striving to force a passage through the fissures

of the crust, we must postulate a solid medium.

The recent, earthquakes in California, which

partially destroyed San Francisco, have once more

enabled us to ascertain that these cataclysms

are always accompanied by a dislocation of the

^ De Lapparent, Traiti de Gtologie.
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solid crust; therefore the fact that the origin of

similar disturbances has in no case been traced

to the deeper regions of the globe supplies a new
and powerful argument in favour of internal

fluidity.

But we have better proofs than these argu-

ments, because we are able to appeal directly to

experiment, and to utilise the earthquake to

auscultate the globe in its depths. Some of the

oscillations recorded by seismographs are pro-

pagated at velocities between three and four

miles per second, and are probably transmitted

through the solid crust of the globe. Experi-

ments with explosives, carried out in Japan,

have shown the velocity of propagation of waves

through the earth’s surface to be about two

miles per second; through granite the velocity

exceeds three miles. But besides these the

instruments record other and much more rapid

waves {about eight miles per second). These

tremors, which can cross the earth from end to

end in less than half an hour, must pass through

mediums entirely different from those forming

the crust. We must add, however, that physics

is not at present in a position to inform
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us regarding the nature pf these internal

media.

Thus the study of sudden convulsions of the

ground confirms the admitted hypothesis con-

cerning the probable thickness of the solid crust.

But the ground is also subject to other motions,

which would certainly have escaped our notice,

if long and careful observation had not estab-

lished their existence beyond a doubt
;
these are

secular variations, elevations, subsidences and

lateral displacements, which arc continually

modifying the general configuration of our

globe.

The sea supplies in its unchanging level a

surfj^ce of reference which enables us to calculate

these displacements. The total volume of water

in the ocean has, in fact, not varied sensibly

since the commencement of historic time, as

othervy^ise the coast line would be found to have

risen or sunk as a whole. Now this is not borne

out by our observations, and we cannot admit

the view of the ancients that the earth was once

a small island^ and has gradually grown by the

deposit thrown up by the waves. The move-
ments of the ground have invariably been of
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•an oscillatory character, causing some regions

to emerge while others were gradually sinking.

No example of these long-period variations

is more widely known than that of the Pozzuoli

district. Three columns belonging to the ruined

temple of vSerapis are standing there to-day with

their base immersed in the sea. These columns

have been pitted with holes by marine molluscs at

a height of ten feet above present sea level, and

thus bear witness to the successive changes in the

level of the sea in this region. As a matter of

fact the ground about Pozzuoli continued to

sink steadily from Roman times to the fifteenth

century. In 1538 an eruption of Monte Nuovo

caused a sudden upheaval, and since then the

ground has again been sinking gradually.

Here a purely accidental fact compels our

attention to the progressive movements of the

ground, but the area affected around Pozzuoli

by these movements is too restricted for them

to be considered otherwise than purely local

manifestations of volcanic action.

The study of the northern regions where the

earth first consolidated affords more typical

phenomena, owing to their freedom from
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volcanic action and earthquakes. The bean-

dinavian peninsula and Canada have for centuries

been undergoing slow variations in level which

were manifest as early as the end of the glacial

period. We do not mention the movements

of this primitive epoch, because a perfectly

reasonable theory attributes them simply

to the expansion of the ground due to the

rise of temperature which followed the

glacial period. We must rely on more recent

documents.

As early as 1702 it occurred to the physicist

Hjarne to have reference marks cut on the rocks

lining the Swedish coast. Linneeus and Celsius

made other marks in 1728 on a cliff of the island

of Loeffgrund, and already in 1748 they observed

an appatent fall of the sea level, that is to say,

an actual rise of the land, seven inches in height.

In 1849 the vertical emergence had grown to

three feet six inches. While the ground is

rising in the neighbourhood of the Gulf of

Bothnia, the southern extremity of Sweden is

instead sinking slowly into the sea; the mean
level of the ground has sunk five feet since

Lini\3eus made his observations, and several
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'streets of the town of Malmo have disappeared

into the Baltic Sea.

Similar observations have been made in

every part of the world. In France Picardy is

gaining on the sea, while Normandy and some

parts of Brittany are sinking into it. Aunis and

Saintonge are rising, while Gascony is sinking.

Some of these displacements may be ex-

plained by local or superficial causes, or by

modifications of the regular course of the tides.

But for many others a return to the hypothesis of

the internal fluidity of the globe is imperative.

An entirely solid mass, cooling and contracting

by jerks, gives way suddenly when its limit of

elasticity has been exceeded; only a fluid rnass

can present the slow, continuous movements

proved to be universal by our observations.

We might fancy that almost unawares we

tiave watched the work which, continuing for

thousands of years, has built up our great

mountain chains and hollowed out 'the abysses

Df the sea. As the earth cools the fluid mass

ivithin contracts more rapidly than the crust,

Decause fluids are always more expansible than

solids, and for this reason the crust wrinkles like
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the skin of a fruit when it withers; grooves and

furrows appear on it, some due to a slow bending

of the crust, others, when a local cause acts more

violently, to fractures, which produce faults

and dislocations in the solid mass. In this

manner internal and external forces act together,

and it is their joint action that slowly ages and

wrinkles what Suess calls so appropriately " the

face of the earth.”

None of the numerous arguments advanced

in favour of the internal fluidity of the globe

appeal so forcibly to current opinion as the ex-

istence of volcanoes. Nothing could be more

natural than to treat these volcanoes as natural

vents of the central liquid. It would be in-

judicious to accept this explanation without

close examination a^nd without a knowledge of

the objections it has provoked.

The admission of the internal solidity of the

earth requires, in order to account for the

expulsion of molten material and the enormous

liberation of heat which occur during eruptions,

the intervention of spme source of energy. The
work due to the contraction of the globe has

been thought sufficient
;

it is supposed to produce
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,;
|ractures within the solid mass, which allow some

rocks to be crushed by the weight of the super-

jacent formations. This mechanical work

becomes the source of heat. In 1872 Sir Robert

Mallet endeavoured to compute its magnitude.

His experiments led him to the conclusion that

the pulverisation of one cubic metre of rock

would produce sufficient heat to melt 300 kilo-

'grammes of ice. He iriferred from this that the

annual crushing of one c]uarter of a cubic kilo-

metre of rock would be sufficient to fui'nish the

entire energy of volcanic action at the present

day. We quote this explanation chiefly to ex-

pose the flagrant impossibilities which militate

against the assumption of the earth’s complete

solidity. How explain on this hypothesis the

way in which a purely local action, by transfer-

ring materials from within the earth to the sur-

face, could result in the production of enormous

mountains, or even of entire islands, such as

Hawaii or Iceland? Should we not rather

expect to And eruptive centres surrounded by

gigantic subsidences ? For example, the lava

erupted by Jokull in Iceland would have pro-

duced a cavity of suflicient capacity to sink



The Interior of the Earth

the ground to a depth of more than a hundred

yards over a surface of over a hundred square

kilometres, while distributed over the surface of

the globe it would not have reduced its radius

by TiiWth of an inch. Mallet’s theory is equally

incapable of explaining the enormous outpour-

ings of gas which accompany eruptions and

transform the vents of volcanoes into regular

cannon trained against the sky and discharging

their projectiles to a height of several miles. On •

the contrary it is reasonable to admit that under

the pressure of the primitive atmosphere, which

must have been three hundred times greater

than at present, the molten mass of the globe

dissolved these gases which to-day escape

through the fissures of the crust.

A more ingenious and more frequently-

advanced hypothesis seeks in chemical reactions

the origin of volcanic manifestations. Already

at the end of the seventeenth century Nicolas

L<^mery hit on the idea of burying a mixture of

iron filings and flowers of sulphur. When
wetted with warm water the sulphur and iron

combined with production of heat, the ground

swelled and steam could be seen escaping from a

H3
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sort of crater. , This was L6mery’s volcano. A
hundred years later Volta explained in similar

manner the exhalations of the Tuscan Maremma
by the decomposition of surface animal and

vegetable matter, buried for centuries under the

detritus of the Apennines. Werner at the

same period sought at Freiberg identical views.

To-day nothing remains of these rudiment-

ary explanations, and it would be loss of time to

demonstrate their inadequacy. Another hypo-

thesis, it is true, may be linked with the chemical

hypothesis
;

it attempts to explain volcanic par-

oxysms by the gradual infiltration of sea-water

and the effect of its contact with the incandes-

cent inner matter. Fortunately it is unnecessary

for us to express an opinion on this much-

disputed question
;
whatever solution is adopted

it cannot affect the probability of the internal

fluidity of the globe.

But though the study of volcani^ action

leads one to admit the existence of ' molten

masses in the interior of the globe, one might

yet suppose these liquid masses not to be con-

tinuous but concentrated in great cavities, each

feeding a single volcano or all the volcanoes of
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one region. This might explain the independ-

ence of the paroxysms and the difference of the

products of neighbouring volcanoes. The Italian

volcanoes, though very close together, act

usually as if thousands of miles apart. There

is, as a rule, no correspondence between their

eruptive periods, and the lavas emitted are far

from identical in chemical composition, as might

be expected if they communicated with adjoin-

ing points of the same internal mass. Similarly

no relation has been discovered between the

periods of activity of the two volcanoes on

Hawaii, whose craters are only twenty miles

apart.'^

Let us, however, examine the facts more

closely. Inrst of all, if the independence of

volcanoes is the rule it is not a rule without

exceptions. In 1865 Etna, Vesuvius and Strora-

boli were in simultaneous acti\'ity, and eruptions

occurred a few months later, in January 1866, at

Santorin in the Cyclades. Similar coincidences

have been observed frequently enough with

regard to the Central American volcanoes. At
the present it is difficult not to attribute to a

single cause the recent earthquakes in Calabria,

I4S
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the disappearance of the island of Ustica near

Sicily, and the eruption of Vesuvius.

Now one single observation of this kind is

sufficient to establish the common origin of

several volcanoes; on the other hand, if stands

to reason that the volcanoes of the same region

should in general be independent. If any cause

happens to disturb the equilibrium of the internal

mass the increased pressure will fracture the

crust at the point of least resistance, and the

entire volcanic activity will concentrate in this

crack. This is why, in times of paroxysm, the

same regions, like ill-healed wounds, form a vent

for the internal flux. However, when the convul-

sions of the crust produce a new line of fracture,

or the hardened lavas choke up the old vent, the

next eruption will take another direction.

Therefore one nrust not be surprised to sec

very rarely neighbouring volcanoes in sim-

ultaneous activity. Neither must one draw

conclusions from the difference of the products

erupted, because one identical volcano is found

to supply products of the most varied nature.

At Teneriffe the upper lavas’ contain over

58 per cent, of silica, the intermediate ones contain
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only 52 per cent., and for those at sea level the per-

centage drops to 47. The content of iron varies

in inverse ratio. In fact the lavas issuing from

the crater of a volcano must not be considered

to have arrived there unaltered from the centre

of the earth. They have necessarily melted

and carried off part of the lining of the passages

through which they have been flowing for many
miles, Moreover, it would be childish to imagine

the internal fluid mass rounded into a perfect

sphere; the corrugations of the crust must have

made themselves felt inside, more perhaps than

outside, where various causes tend to plane and

level the surface, so that some volcanoes may
be fed from relatively superficial regions, while

others have their, source at greater depths, and

draw their lavas from remoter and consequently

differently-constituted strata.

It seems, therefore, impossible that each

volcano should be provided with a corresponding

independent liquid cavity. It becomes almost

necessary to admit the existence of vast liquid

lakes beneath each of the chief volcanic regions.

Moreover, 320 volcanoes are known to have been

active during the last three centuries, and are

»47
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distributed over all the continents, and the

ocean covers, perhaps, a greater number, as

almost all dredgings made in the Pacific have

brought up traces of volcanic tufas. And if to

' these centres of activity are added all extinct

volcanoes, which arc studded over the face of

the earth like boils scarcely healed, one recoils

from the number of separate cavities and lakes

required to account for their existence. As

M. de Lapparent points out the entire Pacific

and all the surrounding land would have to be

considered to rest on a lake of lava. Under

these conditions it is difficult to imagine the-

existence of solid walls between such liquid

masses; it is drtficult to understand, how any

differences of chcmica.1 constitution or of tem-

perature could have raised walls of this nature

within a mass originally entirely liquid.

On the other hand the general' trend of these

phenomena can be interpreted by the assump-

tion that the folds of the crust have formed

within the globe deep intercommunicating

cavities, which subdivide the earth into suffi-

ciently independent regions for a disturbance

occurring in any one of them to leave the re*

143



The Interior of the Earth
.

"

. ,

.V \

mainder practicEilly unaffected. This assump-

tion appears all the more probable if we remember

that these disturbances which terrify our petti-

ness are, in relation to the dimensions of the

earth, mere imperceptible tremors.

Thus all the positive data of science lead us

to the same conclusion. The certainty that

in the past our globe has been liquid is followed

by the probability that it is still liquid in parts,

while some more hypothetical data give us an

idea of the possible thickness of the actual solid

crust.

This confirms in one of its essential parts the

great synthesis of Laplace, which during the last

hundred years has formed the basis of all our

scientific cosmogonies. This synthesis has thus

had the ^double merit of gathering the known
facts into one body of doctrine, and of satis-

fying our reason, because by prolonging geology

into the past, as geology prolongs history, it has

thrust the problem of origins into the infinite'

and has freed our mind from the obligation of

conceiving -a time ^before which nothing existed.

It has freed pur mind with regard to time as'
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Galileo, two centuries earlier, freed it with

regard to space by showing us stars upon stars

behind the stars then known, and shattering

the diamond sphere in which the ancients had

attempted to enclose the world.



I^OR most human beings the sun is still a “ globe

of fire,” and even the most learned scientist has

little to add concerning it. However, compared

with the ignorance of past ages our own ignorance

appears less. Ana.xagoras attributed to the sun

the size of the Peloponnesus; Anaximander con-

sidered it to be a circle twenty-eight times

greater than the earth and having a central;

opening through which its rays pass. Xeno-

phanes believed the sun to be formed by fiery

clouds, whereas Parmenides thought that ii

fed On the dry vapours of the Milky Way;
Cleanthes supposed it to be nourished by the

exhalations rising from the earth. Moreover,

they all considered the light and heat of the sun

and stars to be incorruptible, that is to say of a

far superior essence to the heat and light which we
produce on the earth. We can afford to smile

to-day at these chimeras, but it is of more use to

learn how science has enabled us to get rid of



The Eyolutipn of the Sciences

them by establishing a certain number of precise

facts. This will be the more easy since we have

reached our knowledge of the sun by a few paths

only : by descriptive astronomy, measurement

of solar radiation, direct telescopic observation,

spectroscopy, and finally by observation of the

sun’s eclipses.

.
The chief purpose of descriptive astronomy

is to determine tlic cliart of the heavens and tlie

movements of the stars. It .shows us that the

sun is a sphere of 1,300,000 times greater volume

than the earth. Around the sun revolve our

-globe and the other planets, according to tlie

laws discovered by Kepler and summed up by

Newton in the wonderful synthesis of universal

gravitation. These conclusions, which recapitu-

late an enormous number of observations and

measurements, have enabled us to determine

other facts of the greatest importance lor our

investigations. Thus the elliptical ' trajectory

of the planets may be considered as due to a fall

of these bodies caused by solar attraction, in the

same manner that the orbit of a projectile fired

from a cannon is the result of terrestrial attrac-
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tion; our knowledge of Kepler’s laws enables us

to calculate the velocity and the acceleration of

this fall and to deduce from them the force

which causes it. This force, solar attraction,

depends on the magnitudes of the two masses

attracting each other, and if one of these is

known it enables us to calculate the other. Now
we know the actual mass of the earth, thanks to

an experiment of the English physicist, ('aven-

dishj repeated and improved by many subsequent

experimenters, and we are thus able to calculate

the mass of the sun.

We are able then to weigh the stars, or, to be

more accurate, to compare their masses with the

mass of our kilogram. I do not reproduce the

formidable numbers which result from the neces-

sary series of calculations, because what interests

us is less the magnitude of the masses than

their ratio to the volumes of the stars, that is

to say, the densities of tlu^se bodies. We find

thus that, whereas the density of the earth is

approximately 5.5, that is to say five times

greater .than the density of water, the density

of the sun is about 1.45, or four times less; these

are, of , Course, averages. On the earth, for
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example, the external crust consists of the lighter

bodies, whereas at the centre the density is

perhaps as high as 7, which is practically the

density of iron. Probably similar conditions

prevail in the sun.

The smallness of the sun’s density is deserv-

ing of attention, because it allows us to infer that

the bulk of the sun cannot be in a liquid, or still

less in a solid state. On the contrary, the cal-

culations of Schuster show that a gas raised to

the high temperature probably existing in the

sun would, in consequence of the conditions of

internal pressure, present more or less the density

inferred by us from experience. This hypothe-

sis ’ is distinctly conjectural and must be

treated accordingly; it is of the nature of a

probability, and scientists have discovered by

experience that probability is a bad criterion.

However, we may adopt for future use the

fundamental idea that the solar mass is pro-

bably composed of gases and vapours at a high

temperature and subjected to enormous com-

pression.

’ As recently as 1887 Lord Kelvin considered the sun to

be 'liquid.
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Our Imowledge of the sun’s mean density is

practically the only experimental fact known to

us regarding its internal nature
;

this is not sur-

prising since we know absolutely nothing con-

cerning the interior of the earth which we inhabit.

All that remains to be told about the sun con-

cerns its surface, the only part which sends radia-

tions to us; these radiations constitute actually

tlie sole intermediary between us and planetary

space. Fortunately we have many methods for

examining them.

A first method consists in determining what

is called the solar constant, that is to say, the

total quantity of energy radiated by the jSun

to ,the surface of the earth. This is obtained

with ease by exposing to the sun’s action actino-

meters, that is to say, thermometers with their

bulbs coated with lamp black, which absorb

all the r9.ys falling on their surface. The

increase of temperature recorded by these

instruments enables us to measure the quantity

of heat radiated by the sun. By proceeding

in this
_

manner Pouillet, Crova and Violle

ascertained that
,
the ejuantity of solar energy

radiated annually to our globe would be capable

ISS
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of melting a layer of ice, covering its surface to

a depth of forty metres. Starting from this

figure nothing could be simpler than to calculate

the total quantity of heat radiated into space by

the sun
;
the colossal number obtained by these

calculations is itself of no great interest, but it

suggests a question which has hitherto remained

unanswered. By what means has the sun,

during the ages, made provision for thi.S e.x-

penditurc of energy? Its brightness, practically

constant during many centuries, prevents it

being looked on simply as a hot body in process

of gradual cooling. Under these conditions

3000 years would be sufficient to extinguish

it. This constancy of temperature has been

attributed to various causes, such as a ceaseless

rain of meteorites upon the surface of the sun,

or to chemical reactions between the elements

which constitute the sun, or to a progressive

compression of its nucleus. The last of these

hypotheses is the only one which is free from in-

superable difficulties, but, while nothing is knowh

to contradict it formally, it remains in the air

and unsupported by experimental confirmation.

The discovery of the radio-active bodies has
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also suggested a hypothesis, which is no less

conjectural than the others; the presence of

two grammes of radium per ton of solar sub-

stance would be sufficient to account for quanti-

tatively the energy emitted by our central orb

as well as the remarkable constancy of its

emission.

But more important for us tlran the amount

of the sun’s total radiation is the determina-

tion of its temperature. This is an essential

datum for ascertaining what materials compose

it. Phy.sicists, as a rule, determine the tempera-

ture of a body by the amount and nature of its

radiation. The sun, however, j)resents con-

ditions which would render this solution very

unreliable. It would be dangerous to apply

the laws governing our small, dim fires to this

powerful and radiant furnace. The absorption

of the sun’s rays by the two atinosi.)heres sur-

rounding the sun and the earth must also be

taken into account, and this jiresents consider-

able difficulty. These two causes account for

the surprising differences shown by the various .

evaluations of the solar temperature. Water-

ston estimated it at 10,000,000° centigrade;

IS7
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Father Secchi, in 1875, found it reasonable to be

satisfied with half that figure, whereas Pouillet,

and in 1875 Violle, decided for a temperature of

1500° C. Later observers have, however, come

to an agreement
;
the researches of the American

physicist, Langley, have led to more reliable

determinations. By relying on the quality and

distribution rather than the quantity of the

dilferent radiations which bodies emit according

to their temperature, a value of 7000“ has been

found for the sun’s aj)proximate temperature.

When we remember that the temperature of

a casting of molten steel is roughly 1800° centi-

grade, and that the electric arc, in its hottest

part, reaches 4000“, we can understand that

while the probable temperature of the sun is

higher than any obtainable in a laboratory it is,

however, not too remote for us to form an idea

of the properties of matter at such a tempera-

ture. If the sun’s tcmp(;raturc were of the order

suggested by Waterston and Secchi all hope

of positive knowledge concerning its nature

would have vanished. Even now we must

remember that nothing is known regarding the

temperature of the sun’s interior. Langleys

15.8
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computation applies solely to the luminous

layer, 'which alone sends radiations to us. We
can only conjecture that the sun’s temperature

decreases in general from the centre to the

periphery.

Our knowledge of the sun owes its chief

progress to the direct teleseojiic study of the

luminary’s surface. As long as we are satisficed

to look at it with the naked eye or through a

coloured glass its disc appears uniformly bright,

scarcely less at the edges than at the centre,

and on rare occasions a spot of unusual size can

be distinguished.

It was only with tlie help of the telescoj^e

that our investigations could be carried further,

and this immense improvement in our means of

investigation dates from Galileo, who by the

conjunction of two lenses invented, or reinvented

after the Dutch opticians, the terrestrial and

astronomical telescopes. With these instru-

ments, which were then very impc'xfect, and of

low magnifying power, Galileo gave^ fresh

impulse to the science of solar physics, which

finally cost him his eyesight.

IS9
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The invention of the reflecting telescope

marked a further advance; in this invention,

successively improved by Gregory, Newton, and

especially by Sir William Herschel, one of the

lenses is replaced by a concave mirror. No one

has known more thoroughly, or describefl more

minutely, the heavenly paths than the celebrated

astronomer of Slough. No one has had at his

disposal more powerful instruments. Hersclud

found in England the necessary support to enable

him to construct instruments whose magnifying

power has never been surpassed. Such was the

famous telescope, forty feet long and six feet in

diameter, completed in 1789. However, this

instrument showed Herschel that the most

powerful telescopes are not always the best

for purposes of observation; their enormous

size makes them difficult to handle and distorts

the image on the mirror; the draught in the tube,

the ceaseless and unavoidable agitation of the

air, the expansions caused by the heat of the

sun all disturb the normal course of the rays.

For this reason modern observers prefer to use

instruments more modest in appearance but

capa.ble of equally good results.
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Among those to whom we owe our knowledge

of the sun’s disc a leading place is due to Father

Secchi, director of the observatory of the Collegio

Romano, whose observations, untiringly con-

centrated on this single object, have been con-

densed into an admirable book.’

We may add that during the' last thirty years

photography has been of great use to observers

;

by enabling them to fix the most transient

details of phenomena it has ])rovided a means

for studying them at leisure and drawing from

them fruitful comparisons.

Let us consider now the facts which the study

of the sun’s surface has revealed. We lind first

of all that this surface, far from being uniform,

appears on the contrai'y irregular and undulating,

and, under strong magnification, seems covi'red

with a multitude of little bright grains, like

grains of rice, separated by a dark mdwork •, in

some places more extensive bright masses appear,

called faculse; the grains may be two to three

kilometres long, the faculae perhaps ten times

longer. It is, however, the sun-spots which

form the most striking feature of the solar

' Le SoleiL Gauthier-Villars, Paris, 1875.
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disc and supply the characteristic element in

the mopotonous brightness of its surface. If

- they did not exist, or if we were unable to study

them, our ideas of the nature of the sun would

be very uncertain.

Nothing could be more irregular than these

spots; they are of all dimensions, positions and

forms. Some, called pores, look like mere black

spots under the highest magnification; others,

visible to the naked eye, are several times larger

than the surface of the earth. Their formation

and changes are sometimes slow, and sometimes

disconcertingly rapid.

“On July the 28th, 1865,“ relates Secchi,

“ nothing extraordinary was to be seen, neither

pores nor facuke
;
on the 2gth only three black

points; at 10.30 o’clock on the 30th we were

surprised to find the centre of the disc occupied

by an enormous spot, the mean diameter of the

disturbed region being about 4-I times the dia-

meter of the earth. At the centre we noticed

a heap of luminous matter, apparently in

whirling motion and surrounded by many rents.

Within this chaos four centres of motion could

be distinguished. On the left was visible a vast
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openijng, surrounded by tongues of fire, flickering

in different directions, and in the midst of these

tongues could be clearly distinguished some

semi-lurninous veils surrounding a blacker

cavity. Above there was a second centre

smaller than the first; on the right a wide and

more or less S-shapcd slit, and finally on the

lower part there was to be seen another elongated

and curved slit, offering to the eye a disorder

which beggars all description. Between these

four cavities was a heap of facula; and luminous

matter, having the appearance of a boiling

mass.
,

“ The whole was animated by tumultuous and

extremely rapid movements. The next day

the aspect had entirely changt^d and the length

was almost double. On tlu' following days the

mass, intervening between the four openings,

gradually became a penumbra upon which

were scattered luminous grains. Then the

centres became isolated and more pronounced.

On August the 27th the large S-shapcd ojjening

was still there; on September the lytl.i only

pores and faculae/ remained visible; finally, in

October, not a trace was left of this immense
163
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perturbation which had agitated the sun’s

atmosphere.”

All sun spots have a similar history. Never-

theless, in all this infinite variety of changing

forms certain elements remain constant. In

the first 2>lace all spots arc observed to contain

an almost entirely dark central part ' called

the nucleus, surrounded by a grey zone, the

penumbra, which, under high magnificatidfi, can

be dissolved into a series of elongated elements

alternately bright and dark, giving the impres-

l, sion of a furrowed slo})e surrounding a dark,

yawning hole.

2
Allottier fact of the greatest importance is

that the spots revolve round the sun. Certain

spots, and especially those which are regular

and more or less round, dcveloj) very slowly, and

can be observed for sevt;ral months, but they

do not remain aiways in the same place
;

they

may be seen crossing tlie solar disc from its

eastern to its western border. TMs semi-re-

volution has an average duration of fourteen

days, after which the perturbation passes on to

the invisible side of the sun and re-appears on

the easptern edge after a further period of four-
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teen days, to start on a second, sometimes even

a third and a fourth revolution before it vanishes

entirely, The earliest observers had attributed

these phenomena to the transit of planets in

front of the sun, but from the time of (lalileo

this hypothesis has been abandoned because

several co-existing spots are frequently seen at

the same time to cross the sun on parallel lines,

and in addition the facula; appear to follow

the same rotary motion. Only one explanation

can account for all tlnj details of this mover

ment, viz. ; the luminous surface of the sun

rotates as a whole round an axis which is the

line between the poles of the situ. The period

of the rotation ' is about 25 1 days.

This rotation of the solar surface has been

confirmed by experiments based on an entirely

different principle, which may be rendered com-

prehensible by the following parallel. When
two trains are moving in opposite directions and,

pass one another, a traveller in one of the trains

would notice that the whistle is of a higher pitch

' Not twenty-eight days as might be inferred from the

duration of their apparent movement from edge to edge of the

sun, because the translation of the earth during that period

must be taken into account.
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when the two trains are approaching, ana oi a

lower when they are receding. The reason for

this fact has been given by Doppler in 1842.

When the observer moves towards the W^Ves of

vibration radiating from the whistle he receives

a greater number per second than if he were

stationary
;
on the other hand he receives fewer

when he moves away from the source of the

waves. This proposition is equally applicable

to luminous vibrations. When a luminous body

emitting a simple radiation is approaching or

receding from the observer at a high speed the

light appears to correspond in the first case to

rUorc rapid vibrations, and in the second

to slower vibrations. Now, as each radia-

tion is defined by its position in the spec-

trum, extending from red for slow vibrations to

violet for rapid vibrations, the position occupied

by the radiation will move towards the violet,

when its source is approaching, and towards

the red when it is receding. Therefore, if with

the spectroscope we first sight the sun’s eastern

and then its western edge, and note the position ,

in the spectrum of a given radiation emitted by

each of the edges, we shall find a slight but
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ceptible \ difference in the two positions, and by:

measuririg the distance separating them we shall

be able to determine the speed with which the

sun’s eastern edge is approaching us and the

other edge is receding, owing to the rotation of

the orb on itself. The results obtained by this

method ‘ agree with those deduced from the

displacement of the sun spots.

The fact that the sun rotates, though of great

intrinsic interest, would not have claimed so

much of our attention if it did not lead to

another fact of the highest interest. Astronomers

have observed thousands of spots and have

invariably noted that eciuatorial spots move

with greater rapidity than those nearer the

poles; the period of rotation being 24 days

9 hours at the equator, 25 days 7 hours at a

latitude of 20'’, and 26 days 7 hours at a latitude

of 35 °* Thus the surface of the sun does not

rotate as a coherent whole, as would be the case

if the surface consisted of a solid crust. To

realise the full meaning of this well-ascertained

fact we must adduce another. The study of

the variations of the magnetic needle on the

earth’s surface has revealed a periodicity of
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approximately the same duration as the lotation

of the equatorial solar zone. It is probable that

this coincidence is not fortuitous and that

the sun modifies the magnetism of the earthi

We have thus, from the careful observation

of the spots, acquired the certitude th;ub£ the

bright external surface of the sun is flujff and

new reasons for considering that the same’is true

of the central regions; these conclusion's arc in

complete agieement with the inferences drawn

from the mean density and the temperature.

But there is still much to be learned from an

attentive study of the spots; we know neither

their nature nor their origin. The question

has long remained an oj)en one, for Galileo

thought they were clouds floating in the solar

atmosphere, and De Lalande took them for

mountains, the varying steepness of whose sides

produced the phenomenon of the penumbra.

Derham saw in them the smoke discharged by

the sun’s volcanic craters, and many savants

have considered them to be scoriae floating on

an ocean of fire. But since the observations

made in 1774 by Wilson, corroborated by Sir

William Herschel, no doubt is permissible
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regar^ng their actual form
;
the spots are cavities

with sloping sides pierced through the external

luminous zone and opening upon a dark interior

region. As a matter of fact, when a slowly

changing spot of regular circular form is fol-

lowed in its motion across the disc it will be/

seen, as it approaches the edge, to assume an

oval fpr.m, then to narrow until it becomes

linear. This series of appearances agrees

entirely with the projection effects of a hole

observed first i:)orpcndicularly and then under

increasing degrees of oblicpiity
;
this observation,

which has been checked repeatedly by various

astronomers, compels us to discard every ex-_

planation but Wilson’s.

Hitherto we have examined as a whole the

light emitted by different points of the sun
;
we

shall now analyse the complex radiations which

emanate from it. As is well known, the use of

the prism enables this classification to be made.

Kirchhoff and Bunsen, the true creators of spec-

.trum-analysis, invented an instrument, the spec-

troscope,^ based on this property of the prism

whose employment enables us to characterise
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different luminous sources by the nature of their

1adiations . 11 may not be superfluous to recapitu-

,
late briefly the truths established in the laboratory

before applying them to astronomical research.

Solids or liquids in an incandescent state

examined by the spectroscope give a continuous

spectrum formed by all the colours, of the.’ rain-

bow, ranging from fed to violet. Of this nature

is the light emitted by the carbons of an electee

arc, or by a charge of molten steel when poured

from the crucible, but we And the same continu-

ous spectrums in the flame of a candle, of a lamp,

or of coal gas.

It is important that we should not lose sight

of the fact that, in these flames, what gives

light and gives this spectrum is a solid, consisting

of particles of cai bon susj)cnded in the gaseous

mass and lieated by it. On the other hand,

bodies which are really in a state of gas or

vapour, free from more condensed elements,

are characterised by the poverty of their lumin-

ous emission; their spectrum, when they are

brought to a high tempeiature, is constituted by

a certain number of very fine lines, character-

istic of their chemical n^-fure. Th^e lines,
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separated by dark intervals, occupy in the field

of vision of the spectroscope well-defined situa-

tions. This pioperty, particularly distinct in

the 'case of hydrogen and of vapours of metals,

has enabled each clement to be char-

acterised by the lines which it produces at

a high
,

temperature. Sodium, for example,

gives two yellow lines very close together;

hydrogen gives four principal lines, one red line

very bright, one blue and two others violet
;
iron

vapour gives an admirable spectiaim, consisting

of hundreds of lines.

This is not all; it is possible to identify

bodies not only by tlu^ light which they emit,

but also by the liglit which they stop, which

they absorb. A red glass appears red to us,

because it is opaque for all light except red. If

a- transparent but coloured body is interposed

between a source of white light and a spectro-

scope, the continuous spectrum produced by

the source will appear crossed by a scries of

broad dark bands or narrow black lines according

to circumstances. The bands and lines corre-

spond to the a,bsent radiations absorbed by the

interve|i|ng body, and the nature of the body
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v/is revealed by them, just as the incandescent

metallic vapours were revealed by their emission

spectrum. Thus the atmospheric gases and

water vapour, when in thick layers, are eacli

characterised by numerous black lines.

For a long time no relation was smspected

between the emission and the absorption-spectra

;

their study formed two separate chapters of

spectroscopy, when the investigations of Foucault

and of Kirchhoff established between them the

following ladation. The radiations emitted by

an incandescent vapour arc absorbed by the sarnc'

vapour at a less heat. It is impossible to examine

here the problems raised by this property. We
shall limit ours(dves to making its signification

clear by recalling the characteristic experiment

by means of which it is usually demonstrated.

If we examine through the spectroscope the

intensely bright yellow light obtained by volatil-

ising a grain of sodium in the extremely hot

flame of an enamcller’s lamp, it appears con-

stituted, as we have already stated, by two

yellow lines situated very close to each other.

If we now interpose between this flame and the

spectroscope an alcohol flame, less hot 'flian the
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former, and like^se containing sodium vapour,

we shaU see the two existing bright lines replaced

in the same situations by two dark lines showing

on the feebly-illuminated field of the spectro-

scope; this is the phenomenon of the inversion

of lines.

All these properties will be of use to us in

our study of the solar spcictrum. In order to

carry out this study an image of the sun, about

twenty to twenty-five centimetres in diameter,

is produced by means of a suitable combination

of lenses, and is examined under the spectro-

scope in all its parts. Most frequently, that is to

say unless the instrument is directed towards

a spot or the extreme rim of the disc, the well-

known spectrum of the sun is observed, that

which constitutes the greater part of its radiation.

It comprises the entire scale of colours from

red to violet, without counting its invisible

prolongations : the heat-giving or infra-red

spectrum and the chemical or ultra-violet

spectrum. It is, beyond doubt, the emission

'spectrurri common to all bodies, solid or liquid,

when raised to a high temperature. We are
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therefore led to the conclusion that the external

radiant surface of the sun, called the photosphere,

contains solids or liquids, and as, on the other

hand, we are equally certain that it does 1^0!

form a coherent whole we can only conceive it

to be formed of very tenuous particles, suspended

in a gaseous mass, where they act in tlie same

manner as the carbon dust in a candle-flarhe.

What is the thickness of the photosphere,

and what is there inside it? The only way to

get an idea of this is to look through the spots,

which open like windows into the •'interior of

the orb. Now the measurements made by

Wilson and Secchi limit the mean depth of the

spots to about two or three thousand kilometres,

an insignificant figure compared with the dimen-

sions of the sun; we may therefore conclude

that the photosphere is a mere fdm on the surface

of the sun. To determine the nature of the

underlying layers it would be necessary to direct

the spectroscope towards the centre of the

spots, but the complexity of the results hitherto

obtained defies analysis and justifies only the

vaguest inferences. The dimness of the spectrum

produced by these spots, and the (presence in it
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of sevCT^l bright lines, agree with the hypothesis,

already stated, of the gaseous state of the solar

nucleus. We are compelled to be satisfied with

these vague conjectures.

It is, however, possible to obtain more

reliable information by turning our attention

to another point. As already pointed out the

sun is less luminous at the perijihcry than at the

centre; this fact escapes, every-day observation,

because the excessive radiance of the sun

deprives our retina of its sen,sibility, but it is

manifested both by pliotography and by photo-

metric comparisons made on a sufficiently

enlarged image of the sun. In this manner

the centre of the solar disc proves to be five times

more luminous than the periphery
;
moreover, the

colour of the edge of the orb is distinctly reddish.

Peculiarities of this kind would be inexplicable

if the sfin were limited to its photosiihcrc; they

can only be explained by the existence of ap

absorptive atmosphere, which diminishes in a

greater, measure the rays emanating obliquely

from thd edge of the orb than those originating

in the central regions. On the contrary, th6

moph, whjeh has, no atmosphere, appears to us
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a practically flat surface, that is^to say, equally

illuminated throughout.

We are now brought to admit the elicisthBcc;

of a gaseous atmosphere surrounding the photo-

sphere, and arc in a position to understand and

interpret the characteristic property of the solar

spectrum . This bright spectrum is not rigorously

continuous
;

it is crossed by a multitude of black

lines, occupying fixed positions; physicists have

located thousands of these lines, which an-

evidently due to the absorption caused by the

gaseous media inti'rjiosed between us and the

photosphere. First of all the properties of one

of these media, the terrestrial atmosphere, are

well known to us; in fact, we find iii the solar

spectrum all the absorption lines of oxygen and

water vapour, with the characteristics which

guarantee their origin. They are more marked

when the sun is iKxir the horizon, because its

light then traverses a greater thickness of our

atmosphere and, on the other hand,, all the lines

due to water vapour disappear in times of intense

cold, that is to say, when our atmosphere is

entirely free from water vapour. But in addition

to these lines, called telluric lines, which cannot
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Iteach li^'^nytnin^ new, there is a large

number pi others, perhaps two-thirds of the

total number, which have necessarily an entirely

different origin. Now the first spectroscopists,

including Kirchhoff, discovered at an early date

that nearly all these other darlv lines occupy

in the field of the spectrosco[)c the identical

position occiij)ied by the bright emission lines

of hydrogen and of a certain number of metallic

vapours; it has thus been possible; to identify

4go lines belonging to iron with the same number

of dark lines belonging to the solar spectrum.

Such a number of coincidences could not be

due to accident, and leads ns to conclude that

the photosphere is surrounded by a cooler

absorptive gaseous layer, containing in addi-

tion to hydrogen the vapours of numerous

elements: sodium, barium, calcium, magnesium,

iron, manganese, chromium, cobalt, nickel, zinc,

copper, titanium, strontium, etc. That is to say,

a great proportion of the materials composing

our earth. We have therefore demonstrated

the existence of a gaseous layer external to the

photosphere, to which astronomers have given

the nainp of chromosphere. We shall sec, in a
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.later chapter, how the observation of total

eclipses of the sun has enabled the solar atmos-

phere to be observed with the naked eye; but

this exceptional method is not the pply^one

enabling us to study it. In 1868 M. |'anssen

and Sir Norman Lockycr discovered simultane-

ously the method which has rendered possible

the daily observation of the chromosphere. It

consists in forming an enlarged image of the

solar disc, against the edge of which is turned

the slit of the spectroscope, that is to say, the

narrow rectilinear opening through which the

light to be analysed enters the instrument. It is

a delicate experiment, because the zone to be

observed forms a very thin layer around the

photosphere. As long as the disc itself is ex-

amined the usual bright spectrum appears

crossed by dark lines, but the moment the

photosphere is left behind the' image ' cliangcs

entirely; the field of the spectroscope becomes

darkened, with the exception of a few bright

lines characteristic of a gaseous mass at a high

temperature. The existence of the chromo-

sphere is thus demonstrated by a direct and

decisive experiment; it only remains To deter-
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mine th^ elements composing it, its form and

dimensions.

The spectroscope gives an immediate answer

to The first question; it is enough to determine

the position of the bright lines emitted by tlie

clirombsphere and try to identify them with

the lines of known bodies. Now, the character-

istic lines of hydrogen arc recognised without

hesitation; their brightness and constant

presence prove hydrogen to be the fundamental

element of the chromosphere. To it this gaseous

layer owes the red colour which suggested

its name, and whose influence is visible in the

reddish colouring of the sun’s rim. But this

influence affects the eiitire surface of the orb;

the chromosphere resembles a red veil stretched

over its disc. If we could tear it off and uncover

the photosphere we should see that the latter

is blue.* In addition to hydrogen the chromo-

sphere is shot through, but in a more irregular

* It is known, as a matter of fact, that the colour of in-

candescent bodies changes from red to white, and then to blue,

as their temperature increases ; thus the electric arc at 4000"

centigrade is already ^ distinctly bluish. This blue colour

must be even ihore marked in the case of the photosphere,

whose temperature reaches 7000°.
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manner, with numerous metallic vapours of

magnesium, sodium, calcium, iron, chromium,

etc. It contains also another element, ^inong

the bright lines of the chromosphere a yellow

line defied for a long time identification with those

of the known terrestrial elements. Astronomers,

abandoning the research, and having exhausted

all alternative hypotheses, attributed it to an

unknown body, doubtless similar to hydrogen,

which they called helium. It has, however, since

been disco\’ered that helium exists also on our

.

planet. Its presence has been recognised in a

Greenland mineral callec^ cleveite, in some

'mineral waters, and oven in our atmosphere;

the sum of its properties connect it with

hydrogen. This is a truly remarkable instance

of the certainty of spectroscopic methods.

The chromosjihcre does not form a uniform

layer. It is interesting to determine its dis-

tribution. The most elegant solution of the

problem has been supplied by the spectroscope,

which was certainly not intended for such a pur-

pose. This solution was first pointed out by

Huggins, and has since been employed by all

astronomers. When the slit ‘of the spectroscope,
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sufficiently opened, is brought to bear tangenti-

ally on the edge_of the sun’s image, an image

of the corresponding part of the chromosphere

appears in the field of the instrument. This

image is formed at the place where with a narrow

slit the red line characteristic of liydrogen would

have appeared. The chromosphere is invisible to

us, under ordinary conditions, because the blind-

ing light of the photosphere overwlielms its very

feeble lustre, with tlie excejition of this red radia-

tion, but the spectroscope relegates eachratliation

to its own proper place and enaliles the chroino-

•spheretobe observed^ by tlui most suitable light.

The method of observation, discovered by

Huggins, has rendered it jiossible to e.xjilore

systematically the cliromos[)here, and this layer

of the sun is now known in detail. W'e know
that its mean depth is very limited, about eight

thousand kilometres, and augments the diametm-

of the sun by only one hundred and seventy

fifth part. Moulded internally on the photo-

sphere, its external face presents forms of extra-

ordinary irregularity and variety. In ]:)laces it

is as flat as the sea; in others it is covered with

luminous filaments, like bright hairs all pointing
L I8l
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in one direction, at least at the same time and in

the same region. Elsewhere it towers above

the general level in monstrous heaps called

protuberances

.

These protuberances take the most diverse

forms, and an attempt has been made to dis-

tinguish them by the names of heaps, jets, and

plumes

;

but what strikes the observer most

forcibly is the ceaseless agitation stirring the

entire gaseous mass and projecting it, during

movements of violent eruption, to a height of

several hundred thousand kilometres, at sjieeds

reaching, and even exceeding, two hundred kilo-

metres per second.

The following observation of Secchi may

serve as an example:

“ On October the i6th 1871, at ten minutes

.past nine o’clock, the western part of the suii

did not present any remarkable feature. At

9.30 a very intense conical flame became visible

towards the west at 85° from the pole; near by,

at a distance of about 5°, was a large and diffuse

cumulus; at 9.36 the height and width of the

flame had doubled, and this cumulus appeared

to have been absorbed by it. At 9.43 all had
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changed; the flame had become fan-shaped and

formed of very bright jets, terminated at their

tips by tongues of fire. At 9.49 there was a

considerable extension in width and height,

forming a movable sheaf of fireworks. On the

left ai; enormous mass of parabolic rays was

to be seen falling back on to tlie sun. Some
bright masses, sus[:»cnded above and cornphfiely

isolated from the chromosphere, looked like

rockets which had just burst. At 9.56 these

masses still continued to rise, but the light was

decreasing; three principal jets could be dis-

tinguished. Several tongues of lire formed from

broken streamers remained isolated in tlie upper

regions; the maximum height of the vertical jet

was about ten diameters of the (!arth. At ten

minutes past ten all was finished, leaving nothing

but two little flames, and nothing fresh occurred

during the remainder of the day.”

Thus the eruptions betray the activity of the

chromosphere, whereas agitations of the photo-

sphere are manifested by variations of the spots

and faculae. It is natural to inquire whether

these tvfro phenomena arc not due to a single

'

cause, yit
.
was remarked long ago that both
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occur principally in the sun’s equatorial zone, and

that periods of great spot frequency are also

characterised by great disturbance of the

chromosphere. It is, in general, difficult to

compare the s]:>ots, wliich are visible on the

surface of the disc, with the ])rotuberances which

are only observed at the periphery; however,

it is now eertain that both are in general simply

two aspects of a .single distnrbance. When we

observe a violent eni])tion at .some point of the

eastta'ii edge of the sun we are practically certain

to discover on the following day a sun spot at

the place to which the point hasbeem transported

by the sun’s rotation, ('ouversely a spot of

variable and tumid tno us form, wdien it reaches

the western edge of the orb, is betrayed by the

upheaval of the chromosphere. It is also noticed

that the facula, which are apparently elevated

regions of tlu; photosphere, seem to coincide

with uprushes of j)ractically pure hydrogen;

whereas the eruptions which cover the spots

would appear, from spiictroscopic examination,

to consist of hydrogen shot through with numer-

ous metallic vapours.

Our knowledge might have remained limited
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to the chromosphere and the protuberances if

total eclipses of the sun had not realised before

our eyes a gigantic experiment. By interposing,

from time to time, the moon as a screen between

US and the sun’s disc Nature protects us for a

moment against the radiance of the photosphere

and enables us to observe the zones surrounding

it. such occasions the j)rolnberances of the

chromosphere become visible to tlu; naked eye,

but the light does not cease siiddenly outside this

layer. A continuous and gi-adually-d(!cr(Msing

glow extends around the sun to a gr(;ater thick-

ness
^

than the diameter of the ])hotos])herc,

constituting what is called the corona. This

glow is not exactly concentric to the orb; it is

narrower in the polar regions and much broader

opposite the protub('rances. Observed through

the spectroscope it gives a double spectrum,

formed, on one hand, by a contimtous light

extending from red to blue, and on the other

by bright,. separate lines. These lines prove the

corona to be self-luminous, and on (examination

they prove the existence of various bodies, chief

anaongst which is hydrogen. The continuous

spectrurn, on the other hand, proves the existence
'
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of an attenuated solid dust, which sends out

light to us, either by direct emission or by diffus-

ing light received from the photosphere.

The study of the corona constitutes at times

of total eclipse one of tlie principal occupations

of physicists and astronomers; we shall have

occasion to consider it more in detail in a future

chapter. Enough has, however, already been

said to give a summary idea of the general

constitution of the sun; we look on it as a fluid,

and probably, almost entirely, gaseous mass,

animated with a rotary motion, whose speed

decreases from the centre towards the peripheral

zone, and raised to a very high temperature,

varying in general in a similar manner to the

speed. Possibly such bodies as gold and

platinum, which have the highest vapour-

densities, are concentrated towards the centre,

while the lightest bodies, such as hydrogen and

sodium, are arranged towards the peripheiy

;

this would explain the absence of any lines

characteristic of the heavy metals in spectro-

scopic observations of the surface-zone. None

but isolated elements could exist in the nucleus

owing to its elevated temperature ;
but cease-
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less uprushes, doubtless due to variations of

temperature, combined with other causes, carry

the constituents of the deeper regions into a

cooler space, the zone of chemical reactions, or

photosphere. In this zone lime, magnesia and

carbon are doubtless formed in impalpable

powders, and perhaps the refractory metals

condense for an instant, forming tiny incan-

descent drops; then everything falls back into

the superheated abyss of the interior to be

volatilised, until a fresh convulsion brings them

back into the photosi>Iierc.

These eruptions of central matter attain in

places sufficient development and violence to

pierce the photosphere, and we can then see

through the burning mass of projected gas the

dark depths of the nucleus; frequently a spot

formed in this manner is rendered more per-

manent and regular by the action of vortical

movements; in other cases the hole closes after

the eruption, and the continuity of the photo-

sphere is restored. But even irrespective of

spots, the surface is never at rest. Its granula-

tions prove its irregularity, and the faculae

constitute more extended swellings, at times
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Tsiifficiently high to traverse the chromospheric

layer. This layer, whose temperature is one

or two thousand degrees lower than the photo-

. sphere, is constantly disturbed by the agitation

of the underlying layers, and the hydrogen

of which it chiefly consists is being cons^tantly

invaded by metallic vapours, which escape

through all the pores of the photosphere. It is

surrounded in its turn by the corona, a mixture ^

of hydrogen and other gases, and of incandesceul

dust, which decrease gradually in temperatuie

and density as they reach out into inter-

planetary space.

Such is roughly the idea which we can at

present form of tlu' “ globe of fire ” that guides

and heats the jiroccssion of the planets. Per-

haps little will be hdt in a century of all our

theories, because the solar problem is being

investigated with great energy. What is more,

every new thing found in the heavens checks

and enriches the discoveries already made

concerning the sun
;

it is, after all, a star like all

the others, one of the billions of bright points

scintillating in the sky; astronomy has taUght
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us that there is nothing in its size, its position

or its motions to constitute it a world apart;

and spectrum analysis has confirmed these

conclusions by showing us tliat the same elements

are found in all the stars
;

it is therefore legitimate

to seek from the nebuhe an idea of the sun’s

past, and even to attempt to forecast its future

from the present state of the extinct stars which

wander over the pathway of tlu' heavens.
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The work of an astronomer is anything hut

monotonous; every day, biit chiefly every

night, the sky changes its a]:)pearancc and lends

itself to new observations and measurements.

But it is principally for eclipses of the sun that

greatest preparations are made. Then, many

months ahead, ])hysicists and astronomers pre-

pare their plan of battle and complete all their

arrangements for making the best use of the

few piinutes during which the occultation lasts;

then, when the time arrived, they do not hesitate

to leave the peace of their laboratories to place

themselves under the most favourable' conditions

for their observations; and the great civilised

nations, however pressed they may be for

money, always find in their treasuries the

requisite funds for these enterprises:

The necessity for the concentration of so

many workers on a single task is due to the
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infrequence ' and short duration of eclipses. If

the moon circled round the earth in the plane

described by the latter in its yearly rotation

round the sun, every full moon would be accom-

panied by an eclipse of the moon and every new

moon by an eclipse of the sun.

This is nearly the case, since the plane of the

lunar orbit is inclim^d only five degrees to the

plane of the ecliptic; but tliis slight inclination

is sufficient to upset everything, because it

makes the possibility of an cclipscj depend on a

somewhat rare coincidence; the eclipse is only

possible if at full or new moon our satellite is

crossing the plane of the terrestrial orbit, which

then justifies its name of ecliptic.

And this condition, necessary because it

places the three bodies in a straight line, is not

even sufficient. As a matter of fact, if, in the

case of lunar cclip-ses, we calculate from the

distance between the earth and the sun and

the diameter of these two globes the length of

the cone of shadow thrown by the earth, we
find that it is at least 210 terrestrial radii long;

as the moon is only about sixty terrestrial radii

distant from our globe she should necessarily
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enter the shadow-cone whenever,, the above

conditions are realised.

However, what happens is less simple, owing

to the refraction caused by our atmosphere,

which acts on the solar rays as a regular con-

vergent lens. Tlio summit of the shadow-cone

is thus thrown back to forty-two radii, instead

of 210; consequently a com|) 1ete eclipse of any

part of the moon is impossible. All that can

happen is a decrease of briglitness, because the

sun is never hidilen in its entirety from any

point of our satellite. An observer placed on

the moon, and looking at the phenomenon

which constitutes for us an eclipse of the

moon, but for him an eclipse of the sun,

would still sec, at the most favourable moment,

three-quarters of the sun’s disc. On the other

hand, as the terrestrial atmosphere absorbs

chiefly the blue and violet rays, our observer

would receive only red light, such as the sun

sends us at his setting; this is the reason why

the moon, which only shines with borrowed

light, appears red during eclipses.

In the case of eclipses of the sun the conditions

are different; the distance from the earth to
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the moon varies between fifty-live and sixty-two

terrestrial radii; on the other hand, the length

of the shadow-cone thrown by the moon varies be-

tween fifty-seven and sixty terrestrial radii and

is not reduced by any refraction, as thei'c is no

lunar atmosphere; it follows that this cone may
or may not reach the earth, and lhat therefore an

eclipse need not nec('ssarily be total. Let us

suppose the favourable conditions to be realised;

then if a giant wandering through the worlds

could observe what is liappening he would sec

the cone of shadow, sweeping bc'hind the moon,

strike the earth and niark on its surlace a circular

black spot, some 200 kilometres in dianuder,

which travels with extiamie rajudity in the

general direction from west to east. This spot,

which no sunlight penetrates, is itself surrounded

by a jmore extensive zone, in which the light

decreases progressively from the intei ior towards

the edges; this is tlu' zone of penumbra,

illuminated by a variable jjortion of the solar

disc. As a matter of fact, an observer in a

baUoonj or on a high mountain, sees tjuite clearly

the moving cone formed by the lunar shadow
as it advances like a dark and threatening
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storm and invades the plain with a speed of

nearly one kilometre per second.

We have said that for a total eclipse it is

necessary that the length of the cone forfned by

the moon’s shadow should exceed the. distance

separating us from the moon; if, as frequently

happens, this condition is not fulfilled the

eclipse will be only annular in the most favoured

regions; in such cases the solar disc will, even at

the most favourable moment, project all round

the moon, and darkness will never be complete.

All these phenomena can be predicted without

difficulty by astronomers, because the move-

ments of the heavenly bodies arc knowm with

the greatest precision. At present the pre-

dictions of the cphemcridic are given to the

tenth of a second, but this degree of approxi-

mation has only been obtained gradually and

by an increasingly accurate knowledge of the

constants of the solar system. At the commence-

ment of the nineteenth century eclipses were

foretold with an approximatiqn of only several

seconds; a hundred years earlier La Hire’s

tables contained errors of 4 to 5 minutes, and

before the appearance of these tables the pre-
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cisiqn'* was still less; the case of the eclipse of

1684 ‘may be cited, because although it had

been announced to be total at Rome only three-

quarters of the sun were actually hidden.

But ages before Kepler and Newton ex-

perience had enabled a])proxiinatc rules to be

frarhedi Thus it is related that Sulpicins Gallas,

a lieutenant of dimilius Paiilns, succeeded in

preventing a mutiny of his army by predicting

an eclipse of the moon. These astronomical

notions seem to owe their origin to the Eastern

races; the Chaldeans had notic(^d that eclipses

recur at regular intervals. This Chaldean period,

called also Saros, of eighteen years eleven days’

duration, does, as a fact, restore the sun, the

earth and the moon to the same relative j)ositions.

It contains seventy-fi\e eclipses—forty-six of

the sun ' and tweuty-uinc' of the moon.
* Not forty-one, as the most recent writers state owing to

a mistake, whose cause is sufficiently original to be men-
tioned. Halley, having made a table of the eclipses belonging

to a Chaldean period, printed them on two consecutive pages
of his Treatise ofAstrono?ny ;

but as he could only find room
on the first page for forty-one solar eclipses, and on the second
page for the twenty-nine lunar eclipses, he relegated the five

remaining 'solar eclipses to a note, which must have escaped the

attention of the first author who borrowed these figures, and
all subsequent books have reproduced this singular error.
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These figures may at first sight seeing para-

jdoxical, as we know from our experience that

opportunities are much more frequent for observ-

ing eclipses of the moon than of the sun; but

we must not forgot that when the rriopn is

eclipsed the phenomenon is visible at all points

of a terrestrial hemisphere, whereas, in order to

observe a total eclipse of the sun, it is necessary

to be within the narrow strip traversed by the

moving spot; thus the last total solar eclij)se

visible in I’aris dates as far back as 1724, and

the next following one will not occur before

2026.

It would, howt'ver, be a mistake to conclude

that all total eclipses are equally interesting to

science; tlujy may be more or less accessible

for observation. l''re(|uently the zone of

visibility crosses oceans, regions where the sky

is perpetually clouded, or practically inaccessible

deserts
;
and finally the duration of the occulta-

tion varies from one ('clipse to another, the

maximum being eight minutes at the equator

and six minutes at the latitude of Paris.
,

Let

us consider, as an example, one of the latest
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^cUpsesi!j!that of 30th August /1905, which Avalf

ob^ervea/^ as a partial eclipse. It
^

appeared^ under the most favourable conditions.^

Firstly ,
owing to the geographical position of

the
’ countries crossed; starting from North

America and moving in the general direction

from north-west to south-east, the circle of

total umbra swept diagonally across Labrador,

the Atlantic, Spain, the Balearic Isles, Algeria,

Tunis, Tripoli, Egypt, where it passed near

Assouan;' it crossed the Red Sea and part of

Arabia?, after which the travelling shadow lost

touch with our planet, which it had crossed in

its course during only two hours, forty-eight

minutes. A long line of suitable stations, from,
;

Spain to Egypt, was thus available for the

observers, a condition of great importance,

'

considermg the weight, the number and the

delicacy of the instruments having to be trans-

portedjtp the sites selected. On the other hand,

the selspil and the geographical position of the *.

regi6j^^v:traversed justified the hope of clear

skies, which observations are im-
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. yThe totality of the eclipse is' reached "al: ' Hiifer-

'.ent times at successive points of the zone, and

observers were obliged to establish their observa-

' tories along the centre line and not near the

edges of the strip, because there the eclipl^ls

of maximum duration, varying from ^ minutes*

28 seconds in Labrador to 3 minutes, 45 seconds

in Spain.

The previous total eclipse of 28th May 1900

had a duration of only i minute, 19 seconds;

thus the eclipse of 1905 presented much more

favourable conditions, enabling photographs to

be taken with the jn'olonged exposure necessary

for bringing ont all tlic details of the external

corona. In addition, the longest eclipses anr

also those in which the sun is most completely

hidden by the moon’s disc, so that less light

from the photosphere is, in such cases, mingled

with the actual light of the corona. Spectro-

scopic investigation is greatly facilitated by

this condition.

The ecli])se of 1905 was also specially inter-

esting for another reason. The observation

of solar spots, which has been attentively

pursued for a hundred and fifty
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supplied:, eyidence ot a periodic law which'

remains .entirely unexplained, though it is un-

mistakable. Every eleven years, roughly, the

Activity of the sun reaches a maximum. Now
the eclipse of 1900 took place during a period

of quiescence; 1905, on the contrary, was a

year of great agitation, and consequently all the

phenomena connected with this increased solar

perturbation, such as tlu; protuberances and the

development of the gaseous corona, were expected

to be present in especially favoui'able conditions

for examination. All these details show that

each eclipse has a special physiognomy of its

own, and facilitates in greater or less degree the

solution of the many solar problems.

Many have been the descriptions of the

striking appearance presented by Nature

during a total eclipse of the sun; but we shall

mention here only the facts suitable for scientific

study.'*;

A,'few seconds before totality the visible

part of the sun forms a crescent, which decreases

with si4r;prising rapidity; it is soon reduced to a

mere tlii'ead,; split into separate lengths by the
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jjprotuberances of the lunar contour, lik€f;^ String

|ti6i beads; then the sun disappears^ ^

“ Im-

mediately,” says Father' Secchi, “the scene

changes in a sudden and complete manner; in

the midst of a lead-coloured sky stands out a

perfectly black disc, surrounded by a magnj^^ht

glory of silv(,‘ry rays, among which scmbllate

rose-coloured flames.” The stars, and the planet

Venus, shine in the sky, but the general darkness

is far from being complete; some light is emitted

both from the bright corona which surrounds

the moon and from the regions of the terrestrial

atmosphei'e situated outside the cone of umbra.

It is po.ssiblc, with difficulty, to read a book

printed in large tyj)c, but it is almost impossible

to tell the hour on a watch, and observers are

obliged to keep lighted lamps near their instru- •

ments in order to be able to read their scales,

The irradiation surrounding the dark disc

of the moon occupies an expanse of the sky

which varies considerably from one eclipse to

another, but it is generally mote or less equal

to that of the sun itself. First, reddish masses

are to be seen, distributed irregularly arou^

jfhe solar disc, and situated principalis; in; the
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equatoriarzone of^^^ orb, that is to say, ih^

the region of its surface most remote from the -

axis a^^^ which, it turns. These are the

protuh&fances which had been revealed to the

learned world by the observation of eclipses

before, the spectroscopic method of Janssen and

.Lpekyer enabled them to be studied in a

contiriuous and systematic manner. Beyond

stretches the corona. It is diflicnlt to estimate

the total luminosity of this corona, owing to the'

great variations of light which accompany the

very short phenomenon of the eclipse
;

it has,

hoWiever, been compared to that of the full

moon

.

We are able to di.stingnisli in the corona two

different regions—tlie internal corona of a

silvery white colour, on which stand out the

,

reddish projections of the protuberances ;
then,

all around, a less bright legion, often called the

/ia/o, because its appearance recalls the luminous

circle Athat painters draw round the heads of

their saints. The halo seems to consist of long

pluni|s2 some straight and some bent. It' is,

however, w^ of note that wh(;reas the

protubf^rances and the photosphere itself are in
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a state of ceaseless agitation, the corona, on the

contrary, remains invariable throughout the

duration of the eclipse
;

it leaves, as the

astronomer Young said, the impression of a

calm and serene immobility.

Such is, in its main lines, the spectacle

offered to our contemplation with the naked eye

or through a telesco|)e during the totality of the

eclipse. On the la'appcarance of the sun thd

phenomena arc rojx'iitcd in invers(' order,' but as

the eye lias bc'c.ome accustomed to the darkni-ss

they are more readily noticed; the jagged

rose-colonred edge of the chromosphere and of

the protuberances is distinguished more clearly

and the corona remains visilde for a minute

after the eclipse has ceased to be total; then the

light reappears gradually, and the irradiation of

the photosphere' exlinguislies the glow of the

less brilliant jiarts.

But those who, turning away from the

spectacle in the sky, observed what was happen-

ing on the earth, might have witnessed a strange

phenomenon wdiich has remained inexplicable.

Arago describes it as follows: “ At the moment

when the eclipse was on the point of becoming
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.total I saw the last rays of the sun undulating

violently and rapidly on the white wall of one of

the military buildings of the Saint-Doininic ram-

part. The effect was similar to what we observe

when the sun’s light falls on a wall or a ceiling

after having been, reflected from the surface of

a disturbed sheet of watir. Tlu- identical

phenomenon was repeated at tlu' moment of the

sun’s emergence; the undulations, which at first

were strong, gradually decreascul, and then

disappeared at th(^ end of live oj' si.v seconds.”

These undulations have been seen sine(‘, during

every eclipse, by numerous obsc'rvcas; drawings

have even been made of (hem, l)ut llu.'ir origin

remains as mysterious as ever.

It is evident that at no time could so mar-

vellous a phenomenon as a. total eclipse remain

unnoticed. The ancients hail recognised the

existence of the corojra, and Plntai ch tells us

that the moon, during an eclipse, “ always allows

a glowt to escape around its rim, which does not

pern^it the darkness to become perfectly black

and profound.” Even inore precise observations

of the same nature were made during the Middle
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viAges. They were then accounted for in the most
natural manner by admitting that the moon did

not entirely cover the solar disc, and this inter-

pretation prevailed until it became possible,

by the use of the telesco]5e, to measure angles

accurately. It was then placed beyond doubt

that in some eclipses the apparent diameter of

the moon distinctly exceeds that of the photo-

sphere.

Some other explanation was therefore re-

quired. Ke})ler, witli th(' intuition of genius,

suggested the (‘xisteiux* of an atmosphere of

inflamed etlK'r near the sun; but he soon joined

all the astronomers of tlie time in adopting the

hypothesis of a lunar atmosphere, illuminated,

from behind by the sun, during an eclipse, in such

a manner as to form the corona. Tills opinion

was still suj)j:»orted in the eighteenth century

by a distinguished astronomer, Louville, who

was commissioned by the Academy of Sciences to

observe at London the (;clif)se of 1715. .
Louville

fancied he noticed that the plumes of the halo

followed the direction of the rays of the moon

and not of the sun; and carried away by his

hypothesis, to which he attempted to connect
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all the ihcts observed, he attributed a thickness

of sixty-four leagues to the lunar atmosphere.

But the'cibsence of any gaseous layer around

the moon, is now, and has long been, beyond

dispute; it is sufficient to follow the course of

the stars when they i)ass near our satellite to

realise, with all the jm'cision of astronomical

measurement, that the traj(a'.tory of their rays

is not in the slightest d(\gree dc'viatcd, as it

would be by an atjnos])here, were it ever so

shallow or attenuated
;
and the distinctness of

the umbra in eclipses of the sun is sufficient to

prove beyond doubt the absence of any gaseous

layer around our satellite.

At the time when Louville was bringing

forv/ard the “ air of the moon,” other astro-

nomers thought the corona might bi; attributed

to a diffraction-jiluaionu'nou. laiminous rays

are not propagated rigorously in straight lines,

but when they meet an obstacle the separation

of light and shadow is less distinct than would

be imagined from geonudrical' optics; this

property of light explains the following experi-

ment carried out in 1715 by Delille. A pencil

of supHght was admitted into a camera obscura
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through a small hole drilled through one of its

sides and suitably widened on the inside, throwing

an image of the sun on to the opposite side of the

camera; when a small lead disc, slightly larger

than the jicncil of light, was interposed between

the image of the sun and the hole, its shadow

covered the image and appeared surrounded

by a graduated ring of weak light. This was

naturally looked on as an image of what occurs

in the case of an eclipse; the assumption that

the irregularities of the lunar disc allow mf»re

light to pass where tlu'y arc sunken and less

where they project, accounted for the irregu-

larities of tlie corona and for the glories radia-

ting around it.

This liypothcsis of diffraction is not more

acceptable than that of a lunar atmosphere; the

phenomena adduced by Delille actually exist, but

their laws, which to-day are perfectly well known,

could not in any way account for the corona or

for the protuberances. However, the eighteenth

century was satisfied with ‘ the two explana-

tions we have mentioned. Science had not, at

that time, acquired the habit of rigorous criticism

which, during the past century, has eifsured its
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progress. It was looked upon as a pastime

suitable for the idle. It. is nevertheless true

that the two total eclipses of 1715 and 1724, both

visible in !^rance, awakened the deepest curiosity.

Both were observed by the. King, surrounded

by the' astronomers of the Academy. In 1724

Louis XV. summoned Maraldi and ('assini to

the Trianon, and had the th(.TnH)meter and the

barometer brought from his room in order to

observe “ the variations which might take place

during the eclipse, both in the d(.'gree of heat

and in the weight of the air.” Tt is not difficult

to iinagine what sort of results could be obtained

under such conditions.

Matters remained })ractically in this con-

dition until .1842. d'lu; eclipses of 1748 and 1806

were the occasions of fairly accurate' descrijitions

of the phenomena, but it was impo.ssible to link

them up with tlie gejieral laws of Nature, because

the science of physics was still unborn. On the

occasion of the eclipse of 1842, a man, whose

scientific influence was then universally recog-

nised ^,Fran9ois Arago — publislied in the

Annuaire du Bureau dcs Longitudes wdiat was

really a.ri appeal to tlie scientific w'orld. Arago
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had' the intuition that the time had come for

studying the worlds, not only with the eyes of

the astronomer but also from the physical

point of view. And at that time physics,

thanks to the impulse of Gay-Lussac, Cavendish,

Faraday, Fresnel and of a band of scientists,

unequalled in any otlicr age, had just established

its fundamental law. The nature of light was

known, and that was the main point, as light

forms our sole means of communication with

the ultra-mundane regions. Pliotograpliy liad

just b(;en discovenal, ami spectroscopy was on

the q)oiut of b('ing crealed by the strenuous

efforts of Kirchhoff and llunscm. But above

all the habit of method and of scientilic procedure

had been learneti, which injects approximations

and demands [ireeise verification.

As a matter of fact it is from the eclipse of

the 8th July 1842 that the true progress of .solar

astronomy dates. Observed in France, Italy and

Austria by Airy Arago, Bailey and Fusinieri,

it enabled a clean sweep to be made of all the,

.'hypotheses which the eighteenth century had

been unable to criticise
;
henceforth there could be

no question of the effects of diffraction, or of a
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lunar atmosphere
;

it was universally accepted

that the appearances observed arc capsed by the

sua itself, and that, in Arago’s words, “ we are

on the track of a third envelope situated above

tlic photosphere and consisting of dark or feebly

luminous clouds.”

From' this date every successive ecli])sc,

.studied by numerous and well-e<|ui])])ed c.x-

peditions, has contributed new results to science.

From i860 the use of t)hotography, due to

Warren de la Rue and to Secchi, has rcTuhu'ed

jjossible a precise com]‘)arative study of the

protuberances and of the corona observed from

differeiit stations and consecpiently at different

moments. The ecli|)sc of the 8(h August 186S

marked the general aj>})licatiou of spectroscopy

to the chemical analysis of the chromosphere

and of the protuberances, but it wus also dis-

tinguished by a most imi)ortant discovery.

M. Janssen was at Guntoor, in India, in order to

observe the spectrum lines of the ])rotuberances;

having been struck by tin; brilliant brightness

of these lines, it occurred to him that they might

perhaps be visible by daylight. Thg day follow-

by directing the opening of his spectroscope



The Evolutiori of the Sciences

along the periphery of the sun, he had the satis-

faction of perceiving the bright rays of the

protuberances. From that day the study of

solar eruptions ceased to be at the mercy of

eclipses
;

it could be carried out in any situation

wherever the sun was visible. Howe^yier; we

must not forget tliat only the most intense

radiations, such as those of hydrogen and hcUunr,

are suited for tliese daily observations. The

multitude of loss bright rays of the chromospliere

and of the protuberances, especially those situ-

ated in th(; violet and the ultra-violet, can only

be observc'd on the occasion of an eclip.se.

From the time of M. Janssen’s discovery the

observations mailc during eclipses have been

concentrated on the corojia, because owing to

its feeble brightness the corona evades daily

observation, its weak radiance being drowned

by the intense light of the photosphere diffused

by our atinospheic.

Let us see what the succession of eclipses

has taught us on this subject.

The corona appears to consist of two distinct

parts which interpenetrate each other more or
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less and are independent in their evolution.

One of these parts is entirely gaseous
;

it appears

to form around the sun an atmosphere regular in

form, but flattened towards the poles, and its

luminous emission, seen through the spectro-

scope, is characterised by numerous bright lines.

A photograph obtained in Spain during the last
I"

eclipse showed over one hundred and twenty of

them, including the lines of hydrogen, helium,

titanium, iion and magnesium. But the

spectium of the corona is further distinguished

by a radiation of its own; it is a very bright

green line, which puzzled all observers, because

they were unable to assign it to any known

body. This line is considered to cliaracterise

a new body, coroniiim, and as the coronium

line is frequently observed in the higher regions

of the solar atmosphere, where even hydrogen

lines cease to be visible, one is incliiuKl to believe

that this hypothetical body is a gas still lighter

than hydrogen. The gaseous corona would thus

consist of three principal gases - hydrogen,

helium and coronium — shot through with

metallic* vapours.

The s^udy of the bright rays of the gaseous
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corona supplies another valuable piece of in-

formation
;

it has /revealed the rotation of this

.atmosphere. We saw in the last chapter how

the displac(;mcnt of the lines, when the eastern

and the west(;rn edges of the sun are viewed in

succession, enabled us to infer the rotation of

the photosphere. A})plied by M. Deslan dries to

the lines of the corona, this method has led to

interesting rc'sults, by showing that the gaseous

corona turns in tin' same direction as the photo-

sphere, and with a sp(‘ed of the same order of

magnitude.

Finally, direct obs(n'vation, cc)mp1eted by

photogra]ihy, has res-eah'd a very important

law of variations. At jxn'iods of maximmn

solar activity tlu^ gasr'oos corona has a rnneli

greater e.xtension than during a minimum. Tims

in 187.^, a yc'ar near a maximum, the line of

coronium was visible at an angular distance of

over forty-live minutes from the edges of the

photosphere, whcwcas in 1878, during a minimum,

it could not be seen beyond fifteen minutes, and

in the eclipse of 1900, when the $olar activity

was also very weak, it could only be distinguished

live minutes from the edge. In 190^^ on the
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contrary, the yery great activity of the sun

corresponded with a greater extension of the

gaseous corona.

Is this variation connected with a cliange

of the actual gaseous mass or simply with a

modification of its luminosity? Tt is difficult

to accept the first hypothesis in considei'ation

of the enormous cjuantity of gas which would

have to be ejected by the central regions dining

periods of solar actii ily to be reabsorbed during

(juicsccnce. Scimitists liax'e therefore adopted

the second, for the time being, but even

then there are many dii-ca'genci's of tlieory.

Some consider the gaseous corona to be a mass

heated to a high tcmp(')';itine, probably some-

thing like three thousand degi'ces, and luminous

owing to its high tem|)erature
;
otheis fall back

upon electrical phenomena for an explanation.

It is probable that theinicrnal agitation of these

bodies of gas is either the cause or the effect

of electrical actions, of wliicdi the storms of our

atmosphere can suggest but a vi'ry
.

pooi' idea.

It is, in any case, reasonable to suppose that

these solar storms are most powerful during

periods of maximum activity and are accom-
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panied by a stronger and more extensive

illumination of the corona.

,What then can be the mechanism of this

illumination? Is the atmosphere' of the corona

to b(^ likeiKHl to the attenuated gases in the

Geissher tube wliich are rendered luminous hv

the action of electric discharges? Can tlicsc

electric discharge's be llei tzian waves, like thosf'

used in eeireU'ss te'teginphy, but incompar;',b!y

more ]x>werhil? All these problems will no

doubt some day hnd tlieir answer, especially if,

by any means, it were ])rov(.‘d that radiations

of an elerti i( al nature rc;ach our atmospheu'

from th(' ram. From this particular point of

view the question of th(' solar corona is con-

nected with that of the aurora borealis and

with the sudden variations of terrestrial inag-

iK'tisiu, and pc'ilinps at some future time one

and the same explanation may be found to

apply to thes(‘ three orders of phenomena and

thus demonstrate the close interdependenci; of

all parts of the solar system.

But the gaseous atmosphere of ;the corona

is not the part which is most visible during
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total eclipses. What chiefly attracts our atten-

tion are the radiating plumes of the halo
;
these

plumes give in the s]:»ectroscope a continuous

spectrum, which appears to have a double

origin. In the regions mo.st remote fioru the

sun this spectrum ap|)(^:irs identical with the

spectrum of the ])hotosphere, showing, like it,

black lines on a coutiimously coloured groiiufi,

shading from red to violet; but, as the chromo-

sphere is a]:»proacho(l, the s])cctrum of the halo

becomes brighter, while the black lines become

narrow. This fact suggests that the halo con-

sists of solid dust, wliich sends liglit to us in

two distinct ways; first, it dilfuses into space

in all directions the radiations received i'rom

the photosphei'e and thus produces the dark

line spectrum, and, secondly, it emits light

directly, as in the cast' of incandescent solid

bodies, that is to say, in the form of a continuous

spectrum free from, lines. The predominance,

according to the region observed, of emitted

light or of diffused light expkiins the effects

actually observed.

What causes these solid incandescent dusts

to remain at such great distances from the sun?
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This is a question which confronts all who

study problems of solar physics. As early as

1871 Young had shown that the spectrum

and the shape of the coronal rays are quih'

comparable to those presented by the tail of

comets. This analogy has since been confirmed

by numerous observations. Now it has long

been known that the tails of comc'ts arc iiiAmriahly

averted from tlu' sun, which jrroves that the

luminary exca'cises a repulsion on the cosinic

matter com])osing the tail. It seems reasonable

to admit that tlie same repulsiw' force acts 011

the solid dusts of the corona, balancing their

weight, and thus enabling them to shoot to n

great distance from their centre of attraction.

If this hy])othesis wer(' founded on fact

we should have to (explain the origin of this

repulsive force. Klecti ical actions have natur-

ally been suggested, but a fw'ce of an entirely

different origin has also been put forward.

About twenty years ago Maxwell and then

Bartoli showed that light or heat radiations

falling on a body which absorbs them must

necessarily repel it. This action, originally

predicted from theoretical considerations, is
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extremely feeble under ordinary conditions;

it has, however, been observed and meastired

by means of very delicate experiments, which

fully confirmed the opinions expressed by

Maxwell. It is thci'cfore natural to admit

that the intense radiation of tlu^ ifiiotosphere

repels the cosmic dust forming the solar lialo

and the tail of c-omets, and this view j>rcscnts

the advantage of affording a simple ex])]anation

of some of th(^ appearance's obsc'rvt^d. It has

been established, first of all, that in contrast

to what happens with the gaseous corona the

development of tlio halo is greater during periods

of solar quiescence. Now these' j)erie)ds of

cpiicscence, during which sun spots are few and

small, appear alst> to coincide with maxima of

radiation from the phe)te)S|)here^, anel conseejuently

with maxima of the' re})ulsivm action e)f this radia-

tiem on the coronal dust. Morcervc'r, the plumes

of the halo are not directed along radii of the

sun; they seem to shoot off fre)m the polar

axis around which the entire solar mass turns,

and to bend towards the equatorial zone, where

they spread in long streamers. This disposition

appears to be due to the centrifugal force,
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fdeveloped by the general rotation of the sun,

I'which, acting perpendicularly to the ptolar

must necessarily tend to incline the ioronal

rays in its own direction and to increase their

length in the equatorial regions, where it acts

with greater intensity.

So the observed facts are woven into a web

of hypothesis—a web still very delicate, which

the smallest adverse fact will destroy.’ But

that is of little consequence. The very men

who have imagined these hypotheses are the

.first to wish them controlled by facts. It is

therefore clear why each eclipse of the sun is

awaited with such impaticmce, and why such

careful preparations are made for observing

it. It is no mere repetition pf determinations

already carried out, but it enables the facts to

be observed in the light of new hypotheses.

They are then either condemned without appeal

or provisionally confirmed until future eclipses

give an opportunity of submitting them to new

tests, and of gaining precision regarc^g their

i various points.

Thus, little by little, the harvest ibf new

' facts drives back the undefined “;?pne which
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s^arates i Icn^ ;
and scientirically-classified

'

things frorp the vast expanse of the unknown.

In thiS ';b6rder, zone the progress of science is

possible only thanks to fragile and tcm']^:)orary;

hypdthetica-l structures; but the work of the

scientist in this region is more active and more

profitable than in any other, for, to use the

words of Duclaux, “It is beceusi; science is

sure of nothing that it is always advancing.”

19



THE MILKY WAY

Astronomy is the most beautiful of all the

sciences, but its beauties are hiddert; ''Thathe-

mathics shroud it with a veil too thick for

most. W'hat astronomy deigns to reveal forms

the subject of cosmography, but, being restricted

to the study of the solai* system, cosmography

sees in the stars only the motionless sentinels

watching over the paths of the heavens, and

tells us nothing about their transformations,

nor does it show us that they form an army

with a unity and a life of its own. Teaching

has its iiecessary limitations, nevertheless,

under the pretext of symplifying the exposition,

we ought not to be left with the idea that our

solar system is the only organised and anima,ted

system in the world. This is doubly heegssary,

because our experience seems to prove the con-

trary At first sight the most utteT:;;®sorder

appears to prevail in our universe L The con-

stellations, with their ridiculous riaifies and
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queer foirns,' into which the^sky has been divided

up on|y beti*ay "our inability to unravel its chaos,

which grows- more inextricable as we look

deeper into it.

There are about six thousand stars visible

to the naked eye—those, namely, which are

classified in the first six orders of magnitude.

'

(food tblescopes enable us to see stars down

to the, eleventh magnitude and show several

million stars in the sky. IlersclKd’s celebrated

telescope, the most powerful instrument ever

constructed, enabled one to sec a distance of

a thousand million diameters of the terrestrial

’ The magnitude of two stars is said to differ by one

magnitude when the ratio of their lutninous intensities, seen

from the earth, is 2.5. Thus stars of the second magnitude

are two and a half times as bright as stars of the third magni-

tude and two and a half times less bright than those of the first

magnitude. It is possible to prolong this scale of magnitudes

on b<j)t'h sides by the use of negative numbers. I'hus Aldebaran,

in the constellation Taurus, being selected to define the first

magnitude, the small star 70 of the Whale, which can barely be

distinguisHeld by the naked eye, would be of the sixth magni-

tudeg V^ga of the Lyre, which is brighter than Aldebaran,

would be bli^racterised by 0.2, Arcturus by the cipher o, and
Sirius, which is still brighter, becomes of the— 1.4th magnitude.

The sun, hieastired on the same scale, would be a star of—27th

Hiagnitude,'^^^ sends us seventy thousand million times as

Kiuch
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iprbit, and revealed stars whose %
more than two thousand years to reach us.

With this instrument the firmament appearec]

peopled with thousands of millions of stars.

In the midst of this swarm of worlds the

Milky Way alone gives us an impression of

continuity; though its long whitish trail, which

stretches round the heavens, presents great

variations of size, for its apparent width is in

^places four times as great as in others, and it

separates into two branches for a third of its

length. But its continuity is only an illusion.

Seen with the telescope it resolves itself into

myriads of stars more or less densely packed

together. However, its median line forms

practically a great circle of the celestial sphere,

at an angle of 6o with our equator,

called the galactic circle; thus the Milky Way

appears to us as an imnrense ring encircling

our world and apparently alone representing

order in the chaos of the universe.

In reality it represents order mpre than

would appear from a superficial examination.

- In order to understand the true of the



Milky Way to abandon the old

idea of *a
;

spherical firmament, studded with

; stars; and with the earth for its centre : the

true position of each star must be defined, not'

only by its direction but also by its distance

from the earth.

The method for determining the distance

of inaccessible objects is very simple in principle;

it, consists in sighting the object from two

different points of view and measuring the

angle of the two lines of vision. This angle,

called the parallax, is greater according as

the object is nearer, and according as the

base, that is to say the distance between the

two points, is greater. This is in fact the

very method which we instinctively apply in

binocular vision, taking the distance between

our eyes for base. But the farther away the

point to be determined is, the greater must the

base be if the parallax obtained is to be measui!!-

able; in order to determine stellar distances,

which ^we know beforehand to be enormous,

no base;, be too great. Fortunately the

earth, ;;in, ite^ annual revolution, supplies us

with t|ie ^ stations, and all that is



necessary is to sight the star at both extremities

of the earth’s annual orbit, which' are%situated

three hundred million kilometres apart.

Notwithstanding the dimensions of this base

the efforts of astronomers, from Tycho-Brahe

to the middle of the nineteenth century, could

not remove a disquieting uncertainty with regard

to the value and to the very existence the
Si..stellar parallaxes, because the numbers?' found

H I
were so small that it was i^ossible to. attribute

them to inevitable errors of measurement.

But fortunately a method exists, already

pointed out by Galileo and applied for the first

time by Struve in 1835, which enables the

measurements to be made with greater exactness

and consequently removes all doubts. !

'

Let us consider the group formed by a

bright star and by two or three feebler ones,

which seem to surround it closely. There \yill

be a presumption, even though we may know

nothing certain regarding their distance from

the earth, that the bright star is nearer to us

and that the others are much farther removed.

Starting from this hypothesis, we may infer

that the small stars, whose parallax is' nfeKligible,



will appea^ to us fixed in the sky while the earth

is describmg its'^ orbit, whereas the nearest star

will appear to have moved. We should be

therefore able to ascertain for this star an

annual oscillation with respect to the small

stars. It is, in fact, easy to measure the small

angular distance of these adjacent stars: a

micrometric screw, enabling the reticule of the

telescope to be brought into contact with the

stars under consideration, will give their angular

distance -with an approximation of two or three

hundredths of a second. The same degree

of precision may be obtained by direct measure-

ments from photographs of the group of stars in

questiom

Struve, followed by Bessel, developed the

details of this method, and to-day the parallaxes

of more than fifty stars are known; the pre-

cision' of these measurements has, in fact,

reached such a degree that Kapteyn, the

Groningen astronomer, considers it possible

to determine the parallaxes of the eight hundred

thpusand stars contained between the first and

the teiitlt) magnitude. We give here, as ex-

amples;*|(.Tew of these parallaxes, with the dis-
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Kt^hces deduced of the stars from'the spkr group.

This distance is, however, not^^given in ordin-

“ary units; an incalculable number of ciphers

would be required to express it even in millions

of kilometres. The unit adopted is the, light-

year, that is to say the distance trayflied by

light, at the rate of 300,000 kilorrietres per

second, in one year, or, roughly, ten trillion

kilometres:

Star. Maj^nitude. Parallax. Light-ye.^rs.

Sirius - o".39 8

Arctiirus 0 0".02 163

Centaur
.

0-7 o"-75 4
Aldebaran i o".52 6

Polar Star ‘•IS o".o7 47
7] Cas.siopa.\a 3-6 0". 1 5 22

85 Pegasi CO o".o5 63

Our knowledge of the parallaxes of stars

enables us also to form a sufficiently approximate

idea of the actual dimensions of the stars. If,

for example, we imagine our sun removed to

the distance at which Sirius is situated, it will

be easy to calculate the amount of light sent to

iis from its ne'w position. As the sun and

' Sirius are comparable stars, giving

^
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spectrum, It - IS reasonaoie to infer that an

equal sturface of each emits the same quantity

of light; " consequently the amount of light

received from these two stars, when placed

at the same distance, must be proportional

to their surfaces; we are therefore able to cal-

culate the first and to measure the second.

We find in this manner that the diameter of

Sirius is approximately equal to eleven million

kilometres, about seven times the sun’s diameter.

Thus, while we still lack the systematic measure-

ments demanded by Kapteyn, the distance

has been determined of numerous stars in all

parts of the heavens, from the most brilliant

down to stars of the si.xth magnitude. Enough

is already known to enable us to assert that

while t*he average dimensions of the stars are

somewhat superior to those of the sun they are

nevertheless comparable. The sun is, how-

ever, a relatively small unit in the stellar world.

Atdhe same time we come to the new notion

that the heavens are, on the average, homo-

geneous;;,;^ near to us are, in general,

neithe^r i:larger nor smaller than the distant

ones.^ *|^is remark is of importance, because
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wlien generalised it enables us tp carry our

soundings of the heavens to the limits of the

visible world. If we consider the sky to be

filled with stars, all of one size arid equally

distributed in space, it evidently .becomes

possible to determine the proportion of stars

of each magnitude, since the most brilliant

stars must necessarily be the nearest. Calcula-

tions made on this assumption lead to the result

that the stars of any given magnitude are four

times as numerous as those of the class im-

mediately superior in point of brightness. Now

this is actually what is observed if the stars

of the first few magnitudes, which are too few

to be treated statistically, are left out of account.

There are 321 stars of the fourth magnitude,

1238 of the fifth, 4890 of the si.xth; and, as will

be seen, these numbers vary in a {geometrical

progression whose ratio is four. This confirms

our hypothesis regarding the homogeneity of

the heavens.

Two methods are therefore available for

ascertaining the distances of the stars; one,

more exact, based on the measurement of their

parallaxes, has so far only been applied to a
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very small number of stars. The other, less

rigorous but applicable to the entire firmament,

enables us to measure the distance of the stars

according to their brightness. We are now in

a position to imagine a sort of modt;l of the

universe, showing Ccich star in its actual place.

If, placing ourselves outside of it, we looked

at this reduced model of our universe we would

see a kind of mist, consisting of separate bright

spots, and of very irregular density, but of a

clearly defined general forjn. Lnagine a large

lens, encircled, at its broadest part, by two

rings slightly inclined to one another. We
know only the interior part of these rings,

which alone are accessible to our most powerful

optical instruments. The solar system is

situated within the lens, and though placed

in a region poor in stars it is nevertheless

surrounded by a multitude of them; it does

not, however, occupy the centre.

If we now direct our attention to the interior

of this microcosm, to the brilliant point which

marks the place of the solar system, it will be

easy for ;us to understand the appearance of

the starry' heavens seen from our earth. When
o 229
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we look in the direction of the greatest width

of this cosmic nebula, that is to say, in the

plane of the galactic circle, we see a regular

swarm of stars. The stars are not more serried

in this direction, but they extend out to greater

depths; at the same time the ttvd' external

rings appear to us as two milky trails. T-hese

rings would appear entirely separate if we weie

placed at the centre of the world, on Alcyone;

but, seen from the position occupied by us,

they partly hide each other, which explains

why one-third of the Milky Way appears to be

double. If we now regard the remaining regions

of the sky we shall find a firmament much

poorer in stars. This is because our line of

vision is traversing the flattened part of the

central mass—that is to say, it is directed along

the smallest diameter of our nebula; these aie

consequently the directions in which the stars

are necessarily rhost scattered. .It is what

happens when one enters the outskirts of a

wood; in front an innumerable multitude of

trees, but, looking back, only a few tEpnks pro

jected against the sky.
, r

We are thus able to evolve ®

i
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the chaos of stars and to grasp their unity.

The double ring and the cenfral cluster form

a whole; the Milky Way enfolds and includes

our entire universe. It forms the great nebula

to which we belong, with all stai's accessible to

our investigations.

Hitherto we have tried to realise the solidarity

of the worlds constituting the Milky Way by

geometrical arguments; wc shall now demonstrate

it by the more convincing proofs of mechanics.

The fixity of the stars is only an illusion due

to their extreme remoteness. None of the stars

are motionless; all are animated by translatory

motions. Now we have to-day the means of

determining these motions in magnitude and in

direction, because we are able to compute the

velocity of a star, both at right angles to the

ray of light reaching us from it (this is called

the tangential velocity) and in the direction

of the ray itself (the radial velocity).

The tangential motions can be ascertained

by angular measurements. A star moving in

this manner‘must vary in right ascension and
in declination. Hailey was the first to suspect,

231



Xhe Evolution’ of the Sciences

in 1718, this variation in the case of Aldebaran,

Sirius and Arcturus. Cassini, twenty years

later, placed it beyond doubt in the case of the

last star by comparing the observations made by

Richter in 1672 with his own. Since then the

researches of the great astronomer Herschel

and of many observers have enabled the altera-

tions in the positions of a great number of stars

to be traced on the celestial sphere. IK

the brightest, and consequently irearbst', st;xrs

present the greatest angular displacements.

The stars situated at the limits of our heavens

appear practically motionless; this fact

enables the motions of the stars to be deter-

mined by the method which we have already

explained for the measurement of parallaxes,

as it is possible and more exact to detennine

the motion of a near and bright star by re-

ferring its position to reference stars in its

vicinity, sufficiently small to enable their

angular motion on the sky to be neglected.

On the other hand, the radial velocity of

the stars may be measured by the spectroscope

by making use of the same principle which

enabled the sun’s rotation around its axis to be
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measured. The spectra of the stars are analogous

to the solat spectrum—that is to say, composed

of a continuous series of colours crossed by

dark lines, characteristic of the different elements

contained in the absorptive atmosphere of these

stars; now these lines move slightly, cither

towards the violet or the red, according as the

object and the observer are approaching or

receding from one another
;

it is possible to

determine, from the magnitude of these dis-

placements, the radial velocity of the star

relatively to the earth. The velocity due to

the earth’s annual and diurnal motions can

be easily deducted, and the actual motions of

the stars, relatively to the sun, determined by

combining their tangential and radial velocities.

These motions take place in all possible

directions, at speeds varying from ten to fifty

kilometres per second
;
but they are not directed

in haphazard fashion.

Let us first consider the case of the sun.

If this orb were fixed in position the motions

of the other stars, relatively to it, would follow

all possible directions without preference for

any, and would be of all magnitudes; this is
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due to the fact that the sun occupies no special

position in the Milky Way and plays no pre-

ponderating part in the motions of the heavens.

But if, on the other hand, the sun has a motion

of its own, stars moving in the same direction,

and at the same speed, will appear at rest

relatively to it, while stars moving in the opposite

direction will, on the contrary, appear to be

moving more rapidly. Thus the mean dis-

tribution of stellar velocities with reference

to the sun will show a predominant direction

which is that of the sun’s own movement.

In the same way, if one stands still in a crowd

moving in all directions, all passers-by approach

and recede with equal speed, whatever their

direction may be, but if the observer also walks,

those who are following the same line will

appear to approach more rapidly or to recede

more slowly than those who are walking at an

angle to his path.

Such, in principle, is the method' applied

by Sir W. Herschcl, Argelander and Airy. It

shows that the sun is travelling with a velocity

‘of nearly twelve kilometres per second towards

a point situated at the centre of the constellation
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, Hercules, iw northern hemisphere . This point

was called hy Herschel the apex, because the sun,

while moving towards it, rises in the heavens.

Now that the proper motion of the sun has

been defined the same can be done for every

star whose relative* motion, referred to the

sun, is known. Each star is found to have an

apex of its own, towards which it travels with-

out intermission, each at its own velocity.;

the velocity of Aldebaran, one of the highest

determined, reaching 48 kilometres per second.

The brightest stars in the sky travel at an

average velocity of 25 kilometres per second;

the sun must therefore be classed among the

stars of slow displacement. The question arises.

What is ^he law of all these displacements? Is it

so complicated that its effects are appai'ently

those of chance? The necessary facts for a solu-

tion of this important problem arc not yet avail-^

able, but a very original hypothesis, of Miidler,

a Dorpat astronomer, is worth mentioning.

Madler remarks that all systems, subject to

the law of universal gravitation, are animated

by a mpyement of rotation round a centre.

This centre, need not necessarily be a material
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body, as in our solar system^ but riiay be a

gepmetrical point, a theoretical centre of the

attraction, as occurs in the case of systems of

double 'Or multiple stars, none of which is pre-

dominant. Now the system of the Milky Way
appears to present the geometrical regularity

of a system, subject to a single law of attraction,

and one may in(|uire in what part of the heavens

is to be found this
“
central sun,” as Madler

calls it, which controls the movements of all

the other suns. It must evidently be sought

in the region where the stars move with the

lowest velocity, as their motion must increase

with their distance from the centre of attraction.

Now this occurs in the group of the Pleiades,

which arc situated in our northern hemisphere

and belong to the constellation of Taurus.

The Pleiades form one of the most beautiful

clusters of stars in the sky; six of them are

visible to the naked eye, but photography or

the telescope reveal over two thousand gathered

in a very restricted space of sky. The

motion of Alcyone, the most beautiful of these

stars, is almost ml, and for this reason Madler

considers Alcyone to be the central sun of
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our stell^ system, without, however, meaning

by this that it controls the motions oL the

universe, as our sun rules the motions of the

planets which circle round it.

It may therefore be considered probable that

the milky nebula revolves as a wliole round Alcy-

one, and that the galactic circle is, in the stellar

.

system, the analogiic of the ecliptic in the

solar system. Our sun, in particular, describes

a vast orbit, whose radius is approximately

192 light-years, with a duration of revolution of

twenty-two million years—that is to say, about as

many terrestrial years as there are seconds in a

single year. It must not be forgotten that these

figures are only hypothetical and can only be

accepted as giving an idea of the magnitude of

these motions. In any case they show that the

stars of the milky nebula are not independent,

and that universal attraction establishes between

them the same close connection which unites

the bodies of the solar system.

We have still to show how great is the

variety of ‘the types found in the sky, though,

at first sight, it presents only a number of

bright points.
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First, we have the nebulse. They appear

}to tis like milky White clouds, with ilFdefined

edges, sometimes condensed in a certain number

of brighter regions, looking like stars sur-

rounded by an aureole. Some, irregular in

shape, arc sirrrounded in 'all directions by a

coma of whitish filaments; others take the form

of flattened globules which are visible at times

on edge, at others askew or flat.

The number of the nebulae is considerable;

at present more than eight thousand have been

counted, and new ones arc discovered every

year. An American astronomer alone, Mr

Swift, has catalogued nearly a thousand; at

the Paris observatory M. Bigourdan has under-

taken to determine the exact position of all

these nebulae and already several thousands

have been accurately located.

At what distance from us do these cosifiic

masses gravitate? They appear to ’be, at' the

ends of the world. In any case it has hitherto

been impossible to determine the parallax

of a single one, and the diffused appearahee

of their contour would render a determination

of this nature particularly diffiGiilT But M.
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Keeler has feeen, able to determine the radial

velocity of about fifteen nebul® by observing

the change of position of the spectral lines;

these yeldcities are about 50 to 60 kilometres

per second. If, as would appear probable, the

tangential velocities *are of the same order of

magnitude, it may perhaps some day be possible

to compute the distance which separates us

from these nebulae.
.
If this distance does not

exfceed twenty million times the distance from

the earth to the sun, the tangential motion

will have, in a hundred years, transported

these nebulae a distance in the heavens equal

to that covered by one of the spider-threads

stretched across the focus of our telescopes;

probably a century would be insufficient to

ascertain this motion, but astronomers
.
are

patient, and we may also hope that they will

succeed in discovering new methods and in-

improving the old ones.

When Herschel commenced to attack the

nebulae with instruments of increasmg power

l^e observed that some of them were reduced

to agglomerations of stars to which he gave

the designation of resolvable nebulce^ and it was
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.^ for a long time a question whether all nebula

could not be resolved into stars, by the use

of sufficient powers of magnification. ’ The use

of the spectroscope has supplied a definite

answer to this question, and the glory of tliis

discovery belongs to the 'English astronomer,

Huggins. Huggins showr^d in 1864 that certain

nebulre, seen through the s].)ectroscope, give tJu!

continuous spectrum crossed by black lines

' which characterises the sun, the stars, and

matter already condensed, whereas the spectrum

of others consists of bright lines on a dark

background; that is to say, the spectrum of

matter in a state of gas or vapour. The nebula

of this class, which no telescope can ever resolve,

appear to constitute the primordial form of

matter in course of condensation, the gigantic

ovum from which the stars were developed.

These views, so consonant with the cosmo-

gonical theories of Kant and Laplace, have

recently received some remarkable confirmations.

Huggins, while studying the spectrum of certain

stars of Orion, discovered bright lines extending

into the nebula which surrounds' these stars.

. Orion might therefore appear to be a nebula
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in course of condensation. The same would

appear true of the Pleiades. The photographs

of this group, obtained by M. Henry at the

Paris observatory, show threads of nebulous

matter extending from one star to another,

suggesting remains of cosmic substance surviving

condensation. Photogiaphs of the nebula of

Andromeda have, likewise, revealed within it

several gaseous rings, surrounding an enormous,

ill-defined central mass.

The sky seems thus to oi’fer us many transi-'

tioiis between the purely gaseous nebula and the

star properly so-called. One of the most re-

markable of these transition forms is the

globular cluster. The isolation of these

agglomerations of stars on the dark background

of the sky, as well as the regularity of their

forms, generally circular or elliptical, force us to

the conclusion that they constitute independent

systems. The cluster of Omega Centauri is

visible to the naked eye in the form of a round

nebula approximating in brightness to a star

of the fourth magnitude; but under high

magnification it resolves itself into an agglo-

meration;; pf stars from the thirteenth to the;
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fifteenth magnitude^ It . is possible to count

on photographs up to six thousand stars,

although their number must be greater, because,

in the centre of the cluster, many of the luminous

points must be superimposed. ,

The stars, in their turn, like the nebula;,

present the most varied appearances/ tevealing

the diversity of their structure. To the naked

eye some appear white, some yellow, and some

reddish, while the colour of others at times

seems greenish and at others bluish. In the

neighbourhood of the Southern Cross 170 stars

are contained in a space equal to one-fortieth

of a square degree
;
a score of the brightest ones

present all the colours of the rainbow, so that

this group has been com])ared to 'a splendid

jewel studded with precious stones of every

possible water.

These differences of coloration, which can

be further analysed by the spectroscope, appear

to be related to the temperature, one and

the same star turning, as it cools. Successively

blue, white, green, yellow, and then red. This

shows us that all parts of the primitive nebula

have not aged with equal rapidity, and here



we are fatiedl/by a fact which appears paradoxical

but which has to, be accepted and worked into

the structure of our cosmogonic speculations.

If we consider a group of neighbouring stars,

apparently of like origin, it would seem natural

for the coolest to be also the smallest. This,

however, is not the case, and no simple relation

exists between the magnitude and the colouring

of the stars. Thus in the group ^ Orionis

are comprised six stars. A, of fourth magnitude,

is white; B, of eighth magnitude, blue; C, of

seventh magnitude, wine red; D, of eighth

magnitude, dark red; E, of ninth magnitude,

white; and F, of eighth magnitude, pale

grey.
^

It is, however, to the study of the variable

bright stars that we owe our most suggestive

discoveries; better than any other it leads us

to realise the intensity of the life which animates

the plains of the heavens.

Sometimes stars, previously unknown, burst

into light; these are the new or temporary stars,

so calledVbec?iuse they seem born only to be

at once
/ ^tinguished or to become barely

visible:' ’ The systematic study of these novee
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has been made possible by the use of photo-

graphy; Miss Fleming, alone, at the dbservatory

of Harvard College, has been able to discover

ten. The appearance of stars of this kind

has always filled mankind with ^^^ppish-

ment and anxiety
;
they have been l0^Sd”6h^as

“ omens in the sky ” and the forerunners of

great events on earth. By rare good fortune

one of them, the celebrated Peregrina, was

observed by oire of the greatest astronomers

of all times, Tycho-Brahe; we give in his own

words the description of this memorable observa-

tion :

“ When in 1572 I left Germany to return to

the Danish Isles, I stopped at the ancient and

beautifully-situated cloister of - Herritzwaldt,

belonging to' my uncle, Steno Bill, and I got

into the habit of remaining in my chemical

laboratory until nightfall.

“ One evening, 15th November 1572, while

contemplating as usual the dome of the heavens,

whose aspect is so familiar to me, I saw with

inexpressible astonishment, near the zenith in

Cassiopea, a radiant star of extraor(inary size.

In my surprise I did not know whether I should
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beiieye To persuade myself that fliis

was uo jllii§ion, and to collect the testimony

of otfier 'fitnesses, I called out the workmen
engaged in my laboratory and inquired of them,

as well as of all passers-by, if they saw, as I did,

the star which had appeared so suddenly.

I heard later that in Germany carters and

other, working men had apprised astronomers of

a great apparition in the sky, which caused

a renewal of the usual jokes at the expense of

men of science.

“ The new star was tailless and free from any

nebulosity; it was in all jjoints like the other

stars, only it scintillated more than stars of

the first magnitude. It exceeded in brightness

Sirius, jLyra and Jupiter, and could only be

compared to Venus at her least chstance from

the earth. The distances from this star to

others of Cassiopea, which I measured the year

following ‘ with the greatest care, have con-

vinced nie of its perfect immobility.

“ Fr(^na:^;^he month of December ^ 1572 its

brightnes^^^^^:^ to wane, being then equal to

Jupiter; in January 1573 it had become

less brig||t^|[^^n'Jupiter. It reached the second
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M April and May
j
the 'thlTid ;iri July

,^nd August, the fourth in November, the sixth

in February 1574. The following month the star

disappeared without leaving any trace visible

to the naked eye, after having shined for seven-

teen months.”

No one has seen it since, and the phenomenon

observed by Tycho-Brahc would have- remained

inexplicable if later observations had not put

us on the track again. In 1638 Halwarda

discovered in the Whale a star of the third

magnitude, which disappeared at the end of a

few months; in 1639 he saw it again in the same

place 'and of the same brightness. It again

disappeared, to reappear a third time, and

since Halwarda’s time it has followed the same

course. This marvellous star, Mira Ceti, is

periodic, visible during four months, invisible

during seven. It has therefore a period of

eleven months.

Since then many periodical stars have been

discovered—about two hundred, with periods

varying from two years to a few hours.', Many

stars have also been discovered with 'itregular

or unknown periods. All these observations
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supply ' ^ oasis tor ttie solution ot tiie eniginW:

presented by Peregrina; for if we succeed in

explaihing the nature of the periodical stars

we /shall also understand the nature of the

temporary stars, on the assumption that their

period is longer than the duration of our observa-

tions. It is also possible that the complicated

course observed in the case of somo periods

may be due to perturbations caused by the

influence of neighbouring stars.

The periodicity of one of these variable

stars follows a law of extreme simplicity. This,

star is Algol in the constellation Perseus. Algol

never goes out. During two and a half days

its brightness remains constant and of the

second magnitude, then it varies during nine

hours, with a minimum lasting eighteen minuted,

during which its brightness decreases to that

of a star of the fourth magnitude, after which

Algol ri^umes its original brightness, being

thus characterised by a constant brightness

interrupted by partial eclipses. Many are the

explari|ii6hs advanced to account for this

phenb|hehdn. Already in 1667 Bouillaud

maintaihed that the surface of the stars is not



PlIpbrBnly luminous ' and that thd^
^ icptatioft

ground
,
an axis exposes to our vipw ' portions

thpir disc possessing different lighting,powers.

l;The' existence of solar spots seems to corroborate

to some extent this explanation, which was

’ taken up again by Zollner. * Maupertiiis, with

greater daring, likened the periodic stars to

millstones, which sometimes show us their

edge and at others their flat side. There is

another hypothesis, maintained and developed

with great talent by Pickering, which considers

1;

Algol as a binary system, consisting of a large

.bright star and a smaller darker star, in the

rptation of which system the dark star partly

.hides, “ occults,” the bright star and caii^

;the decrease of brightness observed.

iy If we apply the results of observation and

: the law of universal gravitation to this hypothesis

i'we are led to the following conclusions: the

;;
diameter of the dark companion of Algol would

:-:be equal to that of the sun and the diameter

jbf the bright star would be about a fiftjb longer-

^The two stars, situated about fivO^M
Iki^ometres apart, would turn r(yund .a: centre

'Situated at about three-quarters pf thd instance
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which’Isej^rates^ is even possible -tW

c^culatef’the and the densities of ihe=

two statS sp that, thanks to Pickering’s hypothesis,

the binary system of Algol would be nearly as

weU defined as our own solar system.

These inferences lacked the confirmation

of experiment, but not for long. Vogel observed

the Spectrum of Algol at the moment when,

according to Pickering’s hypothesis, the velocity,

in the line of sight is greatest—that is to say,

a quarter of a period before and after occulta-

tion., - He was able to observe a noticeable

displacement of the spectral lines, which deviated

towards the red a quarter j)eriod before the

minimum, and towards the violet a quarter

period after. Thus, during its presumed period

of srptatibn, Algol has a variable velocity in a

direction sometimes toward us, sometimes away
from' ns. It is thus clearly established that

this bright star revolves around a star invisible

to and Pickering’s theory is established

among jthe accepted truths of science.

- A^^!i- the variable stars present problems

uhaiO||0hs
. .With the one just discussed. ^0

most frjgjjuent pase consists in a, continuons
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||p^n|Ltiori of light, with long or short; periods,

^spectroscopic investigation shows that also in

^diis case the • variable star
,

describes a closed

orbit; but occultation by a single companion

does not appear sufficient to explain the con-

tinuous variation of brightness if the stars

are considered to be spherical and their orbits

circular. An ingenious hypothesis, which

deserves great consideration from the name

of its author, Sir Norman Lockyer, considers

each of the bodies revolving round a common

centre to consist of clusters of meteorites,

agglomerated with increasing density from the

periphery to the centre, and suggests that the

continuous variation of luminosity is caused

by the interpenetration of two such clusters,

which, by giving rise at the same time to

numerous collisions between the meteorites,

would rapidly increase the temperature of the

system, and thus explain the sudden ,blazes

^hich sometimes affect the brightness pf vari-

able stars.

,
This hypothesis is superfluous; astronomers

prefer, as a rule, to continue to consider all

yiariable stars as binary systpmS'r-^J’



The Milky 'Way

they ' the explanation which was!;

accepted in the case of Algol; for this it is!

sufficient to imagine the two companions as

neighbouring flattened spheres, or ellipsoids of

revolution^ turning in a plane which passes

through our eye. The apparent surface of such

a system will vary continuously, causing the

light emitted in our direction to vary in the

same sequence. Such is the theory applied by

Myers to a number of variable stars, and the

conclusions which he reaches are sufficiently

origihal to be worth mention.

Let us take, as an example, the variable

star jS Lyrae to explain the periodical variation

of ' its brightness. It is sufficient to suppose

that if consists of two slightly flattened stars,

one
. bright and relatively small, the other

larger and less bright. These two masses would

revolve one around the other, almost touching,

and the: m^ density of the matter composing

theni?w0uld be only half that of our atmospheric

air.
,
According to this last datum /S Lyfae;

would, liot be a completely condensed system,

but a nebula in course oT

transfdrmaiioh into a binary system, that is;
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^'ay, a system formed of two twia stars. It

yis clear to what consequences Myers’s hypothesis
‘ leads. Extended to the other variable stars

'it shows us in synthetic fashion the successive

stages of the evolution of a nebula in course

of condensation. “ ^ Gernini ahd W Virginis

present practically to our view the segmentation

of a nebula, the birth of a binary system. j8

Lyrae and V Pegasi show us the segmentation

nearly complete. In S Voiles and ,S Cancri

the separation is completed, but for 6he of the

components the work of condensation is barely

commencing. In Y Cygni the components

seem to have developed concurrently and to be

two twin stars. Finally, in Algol, which forms

the last link of the chain, one of the components

is entirely extinct, and is probably approaching

the end of its existence as a luminous body,

whereas the other is still a radiant sun.’”

Thus the study of the “ obscure brightness
”

bf the stars has shown us the infinite variety

the worlds peopling the heavens and has

Justified M. Janssen’s audacious exclamation:

Andr6, Traitk (VAstronomie ypt
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" St^r^ sen(||^ me a single one of thy rays and I

will' telli tlieie what thou art! ” However, our,

endih^atiiqip is incomplete; in the midst of the

innumeralile incandescent stars a single cold

one, Algol’s companion, has been discovered by
chance. But the universe is full of these dead

stars, though we are blind to their existence,,

and- if ,all these orbs could suddenly blaze forth

great vyould be the increased beauty of the

heavens! We cannot rely on the method
which revealed Algol’s companion for the

discovery in space of these obscure orbs. It

is only occasionally that one of these orbs

interposes itself between our eye and a bright

star.- ^Ut science has other resources. If we

remember how Leverrier discovered the ex-

istence' ip the solar system of the hitherto

unsuspected planet Neptune, revealed by per-

turbations observed in the other planets, we

shall understand the principle which enabled

Bessel to conquer this invisible world. A star,

without: a|iy near neighbours in the heavens,

shouljd nioye in a straight line, or rather describe

an ahnostv circular trajectory round Madler’s

ceh|rnl hut if it has invisible companipns
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' its trajectory will be perturbed by their presence,

jand the study of these irregularities may enable

; the position and the size of thes^ companions

to be determined. ,

Bessel selected for his investigations two

of the most beautiful stars in the heavens-

Sirius, Canis Majoris and Procyon, Canis

Minoris. He had determined their positions

relatively to neighbouring stars during a period

of twenty-four years, from 1820 to 1844, and

had acquired the conviction that certain

anomalies presented by the motions of these

stars must necessarily be due, in each case,

to the presence of a companion. All that

remained to be done was to determine the

position and the magnitude of these two supple-

mentary stars by an application of the laws of

universal gravitation. Now, in 1862, Clark

of Boston discovered, in the vicinity of Sirius,

a -star of the tenth magnitude, occupying

practically the position indicated by .
theory.

/The observation of this star, carried out with

great care and detail, furnished a. brilliant

jnstification of Bessel’s method. The companion

,pf Procyon was, discovered in 1896 b^Schoeberlb
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[at th^ in the form of a large

reddish star;:^;vrhose weak light is lost in the

[radiant brightness of Procyon.

I

We have mentioned these two examples in

which theory owed its confirmation to the

chance^ of^obtseryation, because the companions

of Sirius and Procyon happened not to be

completely extinct. But many other cases exist

in' which an equally reliable interpretation is

possible. The Star C of ^ Cancri progresses

on the average in the sky at the yearly rate of

one half degree, but this displacement is any-

thing but regular.' Every eighteen years a

sensible backward motion takes place, lasting

about two years. It has been possible to ex-

plain this anomaly by the existence of a dark

copipanioni whose elements have been determined
by the perturbations of star C. The astronomy
of tlie invisible has thus its own method, which
is truly slow and tentative, but sure in principle

and rich iiy: results.

The Ihisbbyer of astronomy have revealed

to us the m^Bplicity of the forms which people

nniyej:i;^^|jThev show us - a \wrld which is
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'^Jive, and whose parts are in mOj^iori a in

course of transformation. It great step

forward to have determined its present con-

dition, but these observations justify 'Still more

important conclusions. Every point of the

heavens shows us a phase of the history of the

universe. This was in the mind of Herschel

more than a century ago when he said, “ The

heavens resemble a luxuriant garden, containing

the greatest variety of products in ' different

stages of existence, and its present examination

enables us to extend our experience over an

immense duration. The spectacle which it offers

•is as though we could see, taking place under

our eyes, all the various acts of vegetable life

from germination, flowering and fecundation

to desiccation and final decay.”

Our universe appears to us at its origin in

the form of a great flattened nebula, consisting

of gaseous matter practically uniformly dis-

tributed in space and animated by a movement

of rotation. Little by little its substance con-

denses into flakes which are gradually separated

from the whole by attraction, -each iprming the

^embryo of a. new world, whicl^^iy^jil develop
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little by little.' The filani,ents of cosmic matter

cohnedtibg it to,the whole are gradually absorbed

by the "^rihcipal mass; the elementary nebula

become^ rounded and then splits into two

masses of corresponding importance, or even

into a greater numbes. The first case is the

most frequent and gives birth to these bjinary

systems, these Siamese twins whose abundance

has been demonstrated by observation. In

other cases, practically the entire mass of the

nebula condenses to form a central sun. sur-

rounded by a variable number of satellites.

AU these stars are ageing, and will die. The

heavens are a cemetery of stars.

The conceptions which we are justified in

inferring from the positive facts of science go.

no farther, The problem of origin and end is

no nearer .solution for the universe than for

man himself; perhaps it is devoid of meaning,

becausb evolution has neither beginning nor*

end.
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THE ORGANISATION OF MATTER

Classification is a nec£;ssity, tor all sCiShce is

co-ordinated knowledge, but classifications may
be misleading. They are apt to erect barriers

between things which Nature has connected

by continuous gradations. Nothing could be

more distinct than the islands of an archi-

pelago, but soundings show submerged ridges

connecting them to each other and to the

common sea-bed on which they rest.

Thus the division of Nature into three

kingdoms is as old as human thought—an animal,

a plant, a stone. Nothing could be mOrc simple

and distinct, or appeal more readily to the

mind, and three is a number dear to the gods.

But simplicity exists only in our mind. Nature

is infinitely complicated and provides between

its types innumerable transitions, such as we

find between the three states of matter—solid,

liquid and gaseous. It is to-day aii established

fact that no clear line of deina,rcation exists
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Organs ‘of

^

between animlls and plants
;
but we still lobit'?

onr liffS asya a mystery impene-

traible to sbience. But the mystery is being

dissipated by investigation. The naturalist

searching a definition of life sees before

him forms of increasing simplicity, and finds

that the very essence of life vanishes whenever

he ' endeavours to determine it with precision.

The physicist is reaching the same conclusion

in ^the opposite way.

He starts from the notion, inferred from

superficial observation, of a matter really inert

and dead; but closer study soon shows him

the * prodigious activity hidden under this

apparent inertia. He sees forces at work

—

diffuaon, osmosis, cohesion, crystalline, cata-

lytic and electric actions organising matter,

creating forms ?^nd endowing brute substance

with maify of the characters of living beings;

He a,lso realises his incapacity to delimit his

domain and to say where the mineral kingdom

ends and where life begins. But without

abandoning the most prudent circumspection

he will be able to assert that many
phenbinen^^ihitherto considered characteristic
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life belong 'to briite friattervSrtd derive from

physico-chemical causes.

r The living being is characterised by its pro-

ducts, by its organisation and by its functions.

Let us first consider its products. It was long

believed that organised beings elabbrated and

utilised special products. It was the custom

to speak of Nature’s mysterious laboratory

and of a vital force different from and additional

to the forces which determine ordinary chemical

phenomena. All chemists, and all naturalists,

at the beginning of the nineteenth century,

still held this “ vitalist ” doctrine, and Berzelius

was able to write in his classical Tremise of

Chemistry:
“
In animated nature the' eluents

seem to obey entirely different laws from fhose of

inorganic nature ... If we could discove^ the

capse of this difference we should have the key

to organic chemistry; but this cause is so

completely hidden that we have no hope of

discovering it, at least in our day.”

We all know how vitalism has retfeated

before the valiant attack 6f a legion of chemists

vifith.M. Berthelot at their heqid. ; Little by
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little -th^ various cohfpounds^ by lif6

^ have .been reproduced synthetically in .the
’

laboratory. It is no longer necessary in' order

;

tp obtain them to bring into action any forces

but those which govern brute matter. How-

ever, the victory is •incomplete
;

the bodies re-

produced by synthesis are mere products of

excretion, the waste materials of life, such as.

urea, the essences and the perfumes, whereas

life itself is concentrated in the protein sub-

stances sometimes called albuminoids, because

albumen is one of them. • They are difficult to

tackle. Even to isolate them in a pure state
'

is a very difficult operation. They represent

the inostscomplex and unstable form of chemical

corhpQpnds. That is the reason for the part they

play in life. But they are to-day the object of

study of a whole army of chemists. The German

school, led by Fischer and Kossel, has already

succeeded in disintegrating their molecular

aggregations; this is the inevitable preliminary

wdrte, and we may expect a Berthelot to arise

..before dong to carry out the synthesis of the

albuniinpids. Physiological chemistry has also

beeuKdccUpied with the action in living;
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matter
,
of

_
these strange produets, eh0mes or

i^ases, which are frequently desigiiiated: urid^^

fte generic name of to indicate

tha't they transform the substance of living

beings, as a pinch of leaven modifies a batch

of dough.

Enzymes are the soul of the many vital

reactions, the demon ceaselessly busy tying

and untying the molecular bonds. Already

considerable numbers have been discovered

and isolated, which all present a common
character. Their mass is always very small

in comparison with the mass of the body trans-

formed; rennet, for example, can curdle ten

thousand times its weight of milk. Thus the

jenzymes act like ferments but without ‘ being

Organised; and, as a matter of fact, organised,

ferments act only through the enzymes secreted

by them, as Buchner established in iSqy in the

case of the enzyme of yeast.

The action of enzymes is beginning to be

understood. M. Bertrand has succeeded in

the. case of some of them, the oxidases, in de-

fe:fmining the function of the manganese of

y^hich they contain an infinitesimal proportion.
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And
;

by., different meaiis Bredig andi;

yph- Bernec’fc^^ that the
j

action of:

enzymes is not connected with any unknown

vital property. • If two rods of platinum, gold

or silver/ are immersed in water or any other

isolating liquid, and 'connected to the two poles

of a battery of accumulators, and, after having

been placed in contact for a moment, tl^ey

are separated, an electric arc is established

within the liquid between the two rods; the

liquid now gradually loses its transparency..

It containSvin the form of an impalpable powder,

invisible to the most powerful microscope, the

fragments of the metal pulverised by the arc.

In this state of extreme sub-division, called

ths colloidal state, metals present some very

peculiar properties.

/They are coagulablc by heat, by salts, by

acids and by bases. They can, by their presence,

activate certain chemical reactions, decompose

sugar, transform alcohol into acetic acid. Their

funcfion appears then to be entirely similar

to l^at of enzymes, because an infinitesirnal

prhpbrfibn of the ,
metal suffices to determine,

the tMctioti ^, thus one part of coUoidal platinum
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ICSsi decompose more than, a ihillioii tiihes its

weight of oxygenated"waiter, just afe'. rerinfet acts

’on milk;

'And what is still more remarkable, this

platinum is rendered inactive, killed, in a word,

by heat, sulphuretted hydrogen, corrosive sub-

limate, that is to say, by the very agents which

kill living matter, so that the mineral kingdom

produces bodies which might by their. action

be confounded with the apparently most

characteristic, agents of life. The course of

physiological chemistry is thus clearty traced.

It gradually compels the reactions of living

matter to enter the enlarged field ai general

chemistry; and if its work is far from complete

nobody could to-day be found to repeat the

famous ignorabimus oi Du Bois-Reymond, and

to declare that in life there are things which

will always escape scientific research.

But, more than by its products, life is

characterised at first sight by the forms which

it creates—composed forms which are reproduced

indefinitely according to the laws of heredity,

elementary forms constituted by v cells and
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Organisation bf jSlattbi

,
j^nimated\ matter is composed of cell^

arid micellae/ as brute matter is composed 6i

inolecules and atoms. But it is not sufficiently

realised, and the, fact must be insisted upon that

this brute matter is not a simple pile of molecules

and atoms. It ha^ a very complicated archi-

tecture, belonging to the most varied types,

which frequently present to a striking degree

the characteristic forms of living beings.

This power of organisation of matter is

visible in the crystal. Wo have all admired

in a chenrist’s shop window, or in a display of

chemical products, crystallisations of bismuth,

of sulphate of copper or of alum, jewels whose,

facets have been cut by the forces of Nature, or

these trees of Saturn and of Diana in which lead

or silver crystals imitate, roughly and superfici-

ally it is true, the appearance of plants. No par-

ticular conclusions can be drawn from the con-

templation of this rigid and dead matter. WTiat

would be interesting to see is the birth of the first;

crystal within a transparent solution, which is

beii^^^cooled or concentrated by evaporation.

A German scientist, Von Schron, believes:

he Wa? able to observe this birth and describes;.
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' 'Ip^d'VBvQlutibii . of f the

'it loiiows. witnm tne nt>mpgi^n,e0us l^uicl

,3mall globule is suddenly seen' tP apfjear,

enclosing a thread-like net, sinxilar to the

chromatic filament of living cells; soon the

globule grows into a 'sort of ring which

immediately alters its form/producing an angle,

to which the future crystal will be attached,

then a second angle appears, and between

the two, like a very thin line, appears the

axis of the crystal, which is gradually completed.

This elementary crystal is free to move in the

liquid:^ At the same time it can give birth to

(jther crystals—in a word, it can reproduce

itself by the same processes met with in the

reproduction of living cells—either by splitting

into two crystals which recede from each other,

rotating around themselves, or by forming on

one of its angles a new crystal which detaches

itself; this is gemmation. Or, finally, the new

individual, formed by endogeny inside the

.crystalline mother-cell, reaches the surface and

dives into the food-supplying liquid, where it

grows, and in due course reproduces itself

according to the laws of heredity.

Schron, Benedikt and otliier physio-

266



.of; MatteiP
^

lo^ists attach ! to' these analogies an importance

W^h it to consider exaggerated,'

However great their interest, they do not

entitle us to destroy the partition which, in the

present state of our knowledge, separates dead

matter from living, matter. But the question

may be examined in a different light.

If a hot saturated solution is allowed to cool,

sometimes crystals are formed in it, but more

frequently it remains limpid. It is then what

is called supersaturated. In this state it has

many points of similarity with a culture-bouillon

sterilised by heat. It can, in like manner, be

preserved unaltered in sealed tubes or in vials

protected against the introduction of external

germs by a plug of cotton-wool inserted in their

necks./ But if the protecting plug is removed,

dr the tube unsealed, numerous crystalline

groups are frequently found to form in the

liquid mass, pervading it little by little, just

as the bouillon under similar conditions gradually

fills with, swarming colonies. Both phenomena

have the shme explanation—crystallisation re-

quires in this case the presence of a crystalline;

germ,: l!^t'/as life needs a living germ. Both;
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ekist m tne air ana invaae ?witn it tne liquid

twhich they fertilise.

. -Contagions and epidemics spread in the

^mineral world by a similar process^ Railway

engineers frequently find that all the rails in

the same region have become brittle and re-

quire replacing at the same time. A few years

ago, it was observed that the tin buttons of

certain Russian regiments were all becoming

brittle and breaking up into thousands of

grains. This disease of the buttons was shown

to be distinctly epidemic. If a uniform of one

of the contaminated regiments was brought

to an unaffected district, numerous cases of

the disease occurred in its vicinity.

The explanation of this fact is simple, \ Tin

can be transformed by the severe eold of winter

into an extremely crystalline variety—gray tin;

but this transformation can occur at a higher

temperature in contact with an existing crystal.

Thus the buttons attacked produce, by their

pulverisation, thousands of crystalline germs,

which give rise aU around them t5 the same

itiodification.

But it is not crystals alone that irhitate the
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vforms and the properties of living matter. ' If

we desire to reproduce these forms as faithfully

as possible, we must not make the attempt

With solid bodies, but with liquid or viscous

mixtures similar to those found in living

tissues.

It is then possible to bring into action forces

of the most diverse kinds—capillarity, osmosis,

diffqsion,' convection of heat. M. B^nard, by

utilising the vortices produced in liquids dis-

turbed by local inequalities of temperature,

has succeeded in reproducing with striking

exactness the cellular disposition of vegetable

tissues. Quincke with his foam cells, and

Harting with his jellies, are also working at

synth'eiic morphology. Biitschli of Heidelberg

is pursuing the same results by analogous means.

“He manages it,” says M. Raphael Dubois, “by
mixing with certain precautions linseed oil, an

alkaline carbonate and water, or instead, oil

and yoke of egg, just as if he were .making a

mayoiinaise sauce. It is cookery, but very

strange seen through the microscope.-

Not ;dnly
,

does it resemble the fundamental

subst^pce of cells, reduced to its most simple
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|fprm and highly magnified, but J itf:;moyes, it

Jchang^s its place and its form ^lilje a monad or

amoeba. And Professor de Herrera of

Mexico, by modifying Biitschli’s experiments,

comes to the conclusion that most of the physi-

cal properties of protoplasm can be imitated

with alkaline oleates or soaps.”

' We must not misrepresent the trend dfsthese

experiments. Their authors had no intention,

by such methods, of bringing a|30ut the

synthesis of living matter. These imitations

are neither mere playthings, nor are they pre-

tentious attempts to create living beings. They

are only intended to determine the part played

in living matter by the different physico-

chemical forces.

Of all these factors of life none appear

more important than dilfusion. The bean, which

remains inert as long as it is dry, only com-

mences to germinate when the water, which

causes it to swell, gives rise in its substance to

differences of concentration and sets in action

the forces of diffusion and osmosis.

Let us explain what these phenomena con-

sist in. If we pour spme water into a tumbler
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and then cantiouslj^ add some coloured alcohol^

V

dr, more simply, some wine, this liquid, being -

tighter, forms at first a distinctly separate layer

on the surface of the water, just as oil would do,

with the difference that whereas the oil would

remain permanently ‘on top of the water, the

alcohol gradually niixes with it, and being

coloured enables this gradual diffusion to be

followed. The water, on its side, travels in

the opposite direction and diffuses into the

alcohol. AU miscible liquids exhibit similar

phenomena. If the liquids are separated by a

permeable membrane the diffusion is known

by the name of osmosis. Thus in 1748 Abb^

Noliet studied the osmotic exchanges betweep.

water and alcohol separated by a pig’s bladder.

The experiment may be made with substances

di^lved in liquids, and it is then found that

the bodies in solution traverse the membrane

at ^ery different speeds, according to their

nature j If,, for example, on one side of this

mernbfane there is pure water and on the other

an aqueous solution of sugar and molasses, ?

the sugar; a crystaUisable body, will be seen ;

to crciss the partition rapidly, whereas the non-f

271



Icrystaljlisable niolasses will only diffuse with

;extreme slowness. This is the principle of the

purification of sugar juice introduced by

:
Dubrunfaut and used in all sugar houses. This

observation may be generalised. We may follow

the English physicist Graham and say that all

natural bodies are divided into crystalloids^

which diffuse readily, and colloids, which diffuse

slowly.

This classification is easily explained if we
consider that organic substances not easily

crystallised—^that is to say, colloids—have un-

doubtedly a much larger molecule than crystal-

lised bodies. Thus Hofmeister attributes to

the albumen of the blood the formula C^jo

Ss 0,^0 ;
the albumen molecule is therefore

built up of 450 atom's of carbon, 720 atoms of

hydrogen, 116 of nitrogen, 6 of sulphur and 140

of oxygen. It weighs ten thousand times more

than an atom of hydrogen and 25b times more

than a molecule of salt
;

it is therefore natural

for it to be much larger and less capable of slip-

ping through the pores of membranes. .

. On the other hand, there are great differences'

between these membranes ; some are much
2/2
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tess pernieabB IKan a pig’s bladder or vegetable

parchtnent; such are the so-called semi-per-

meable diaphragms, which let the water hr the

dissolving liquid through but hold back entirely

the bodies in solufiop, even crystallisable ones

such as salt or sugar. The membranes of living

tissues, in their infinite variety, act like sieves

with' various-sized holes and sort out auto-

matically the products necessary to life. The

albuminoids and analogous products, due to

chemical reactions occurring inside the tissues,

are in general retained by the relative imper-

meability of the tissues, whereas the waste

materials of life, which are frequently crystal-

lisable, such as urea, are eliminated, thanks to

theii; greater diffusibility. Thus diffusion is

life, or :at least one of its most essential elements.

• M. Stephane Leduc, Professor at the School

of Medicine of Nantes, has demonstrated this

important function, of diffusion by some re-

markably clear experiments. What is necessary

to ccmstitute an inorganic tissue analogous to,

organic tissues? Simply to add, drop by drop,

salt ^ater/ dyed with Indian ink to some pure

wat^^p ^prehd in a thin layer in a flat-bottomed
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Qi" in^eadj Ito dit>|) ^
<i|(errocyanide on a thin layer 6f gelatine; the

dye \^11 show the cellular dispbsition, produced

autpmaticaily by diffusion. According/ to Ahe

conditions of the experiment, we obtain poly-

hedral cells, or fibre-shaped cells, or cells with

ciliary prolongations or with dendritic ramifica-

tions as in nerve-cells. All these cells have

their nucleus; they are the seat of internal

movements, and osmotic exchanges take place

from one to the other. As early as 1866,

Traube, a chemist and wine merchant of Breslau,

had produced real artificial cells by letting fall

a drop of dissolved copper sulphate into a

solution of potassium ferrocyanide
;
the reaction

of the two bodies formed, on the surface of the

drop, a gelatinous envelope of copper ferrocy-

anide, but the utricle formed in this manner was

incapable of growth. M. Leduc has reached

much more suggestive results by adding to the

liquids used by Traube other suitably selected

substances. The drop, or the initial cell, under-

goes a considerable development in a time

varying from a few minutes to several days,

and resultmg in the production of a real cellu-
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^

lgiK; tissu|!y ^ of the essential

_
charaGfeEistics of life-^organisationand nutrition!

The following is an example recently pre-

sented to the Academy of Sciences. A drop,

measuring about a millimetre in diameter, and

containing a solution of one part of copper

sulphate to two parts of sugar, is dropped into

a nutrient liquid consisting of water containing

gelatine, potassium ferrocyanide and traces of

salt. ; At the end of a few minutes pseudo-

vegetations are seen to appear with stems,

twigs and leaves, like sea-weeds, terminated by

thorns, clusters and catkins; the whole may
reach a development of fifty centimetres.

These artificial plants possess some of the

properties hitherto considered peculiar to living

beings; they absorb and eliminate; they are

sensitive to poisons and anesthetics; chloroform

arresits their development, light and heat favour

it, giving rise to the effects of orientation and

heliptropism which are also manifested by most

plants.

The a.rtificial cells manifest another property,

if left to themselves. They end by dividing up

into ao^jeat . number of cells,, and the character
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tr^ilsMiriatidni'pre^^
jwith the segmentation, of the gerinirial in

,an incubated' egg; “ it therefore helps us to

understand what takes 'place in this trans-

formation, one of the < most mysterious in life.

The high temperature of „ the egg produces an

evaporation which concentrates the superficial

parts and determines diffusion currenfs, which

cause the segmentation of the mass.

But the most suggestive of M. Loduc’s

experiments appears to be the reproduction of

the phenomena of karyokinesis, that is to say,

*the strange and complicated process by which

the cleavage of cells is brought about. Two

small globules situated close to the nucleus and

called attraction spheres become separated,

travel to the extremities of the cell and throw

out radiating fibres. At the same time the

chromatin filament, a long thread coiled up in

the nucleus, splits into lengths which form a

star at the centre of the cell, then each of these

.lengths divides and the fragments execute

regular evolutions like a ballet figure in the

protoplasmic mass. Finally a partition separ-

llites the cell into two cells, in each of which
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are ieprpciueetl the nucleus and all the elements

of ^tlje origind cell.

Now all^these actions, which appear to defy

analysis by their complexity, are easily explained

by diffusion. If we let fall into a liquid mass a

drop of coloured saline solution to represent the

nucleus, and then, on either side, a drop of a

more concentrated solution, they repel each

other as the attraction spheres do in the living

cell.' At the same time around them appear,

in their regular order, all the figui'es, all the

movements, and all the phenomena of

karyokinesis. No example could furnish 'a

betteir proof of the utility of this synthetic

morphology, which throws light on the most

intimate mechanism of life.

Experimental proof of the part played by

difftisioh in vital phenomena is again found in

the startling experiments which, since 1899,

Professor Jacques Loeb of the University of

San Francisco and Professor Yves Delage of the

SorbQime;,]have carried out in artificial partheno-

genesis. Eggs of sea-urchins and starfish have

been ;|^fhsed a brought to a remarkable

degree: ;;bf. <jevelopi by the sole action p:

277



IMtitM : 6t tliei iicieiices

j^liae^ solutions.
;

It has thu#heiih;p0S^W0 lor

|iie£ function of the male cell to* be dis<;ha.irged

^n entirely inorganic liquid^ apparently

:|actipg in a purely physical maiuier by deter-

•Inining a diffusion-current, which deprives the

;^gg of a certain quantity Of water. The eggs

fertilised by chemical means were able to deyelop

into larvae, and, Completing their metamorphosis,

to grow into sea-urchins and starfish similar in all

points, notwithstanding the smallness of their

dimensions, to the most fully formed adults of

their species; but more remarkable still,

.
parthenogenesis gave rise to a new species, a

.;isea-urchin with hexagonal symmetry, whereas

;the symmetry of the present-day types is almost

invariably pentagonal.

The investigations of Messrs StOphane Leduc,

toeb and Delage are truly scientific. They

furnish new facts for the explanation of life.

The researches of Mr Burke have had a more

.brilliant destiny; they startled, for a few* hours,

;|,,the scientific world and puzzled even the general

ji,-pufelic, which began to think that a synth^is of

|i|iving .matter had at last been realised. •

In his youthful eagerness Mj^ .Biuke had
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tunii^ to radium, the great generatoi\of energy
; !

he^had'spvsui s6i^ it on some sterilised;

bouillph, and a few days later had seen a

nuinber of vesicles appear, showing all the char-

acters of living cells. The experiment had

already been made by M. Raphael Dubois, who
describes it as follows:

“ In consequence of my ideas on the radio-

activity of life, I placed one day a small crystal

of chloride of barium and radium, with all

necessary aseptic precautions, on a gelatinous

culture-bouillon for luminous microbes. In my
nutrient colloidal jelly I soon began to see a'

considerable quantity of little corpuscles which

sank rapidly into its depths and at the same

time increased in size. Their general appearance

recalled so closely a bacterial culture that M.>

Laveran of the Institut Pasteur, to whom I

showed ope of my tubes at the Societe de

Biologie, exclaimed, ‘ Why, these are moulds!
’

They were not moulds, but merely granulations

presenting the appearance of large vacuoles,

and what is stranger still, the largest of them

;

were in ‘ course of separation. Some greatly ,

'

enlarge§;^||[;|i^aphs were made, and I sub-|

,,



fitted ’ them vkt another sittMg. My learned

^ierid, M. Henneguy
,
profe^or! m (^dlpgy at

tllp College de France, said to me on this occasion,

‘ They look like frogs’ eggs ' in course of

segmentation.’
”

Naturally, no scientist Vas misled, by these

appearances, of which Sir W. Ramsay has

supplied a very simple explanation : the vacuoles

in question are simply gas bubbles due to the

decomposition of the water by the emanation

of the radium. It therefore appears necessary

to make a selection among these pretended

syntheses of life and to retain only those which

teach a lesson regarding the real mechanism of life.

So-called inert matter is not only capable of

imitating the forms of living matter, but presents

;in a certain degree the same functions and pro-

perties—as the consideration of the morphological

synthesis of M. Leduc has already proved. But

nothing could be more convincing than the facts

'fbrought forward by an Indian physicist, Mr

ijagadis Chunder Bose,’ professor at ''Calcutta.

' j Response in the Living and Non-living, LongmanSj Green

London, 1902.
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f excitability:,

is one of the e^ntiai features of living tissues; ;

fhis;§xcitability, accompanied by other specific

.

features, is presentedby the reactions of inorganic

matter. A, steel spring forced from its position

of equilibrium tends, to return to it and reacts in

its turn on the hand holding it. This is the

universal rule of equality of action and reaction.

But in tbe living world things happen differ-

ently; we all know that between the nerve,

which is excited, and the muscle, which con-

tracts, there are many intermediaries, that the

causality is indirect, forming, as it were, a chain

of many links, but of which we only know the

ends. The attempt has even been made to-

define the character of organic irritability by

instancing the disproportion between its effect;*

and.Jts cause.
,
If a gramme weight is allowed to

fall on a nerve the resulting contraction may do

mUich more work than the fall of the weight;

but there is no lack, in the inanimate world, of

cases presenting a similar disproportion. It is

sufficient, as, M. Leduc has pointed out, to turn *

a steamValve in order to start a train or to strike;

a ma.tch :in order to blow up a powder magazine.;;
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therefore ab^
|^;characteristi!f and general definition df organic

tfrdtdbility, though this irritability is one of

filers most characteristic features.

muscle will contract so long as the tissues com-

;

posing it are alive
;
as soon as they are dead its

contractility ceases. There is, however, another

less immediate, but more delicate, criterion of

Jlife. The appearance of electric currents as

the result of excitation supplies a most sensitive

Tneans of investigation, because our instruments

enable us to measure the feeblest currents with

precision. Mr Bose has had recourse to this

criterion, and the originality of his researches

consists in his having subjected to the same

experiments, with the same apparatus, inorganic

substances as well as animal and v^etable

tissues.

\The method generally adopted by Bose

consists in clamping firmly in the middle the

j^ody to be experimented upon—muscle,

yegetable or inorganic body—and connecting

Ixith its extremities with a very sensitive

pilvanometer in a closed circuit. Ariy electric

ibrion taking place in the body ri^itl thus be
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immecfiately^ by the

g^v^omefer, and may be measured by the

de^re^e of its deviation. The necessary apparatus

is provided for recording photographically the

indications of the galvanometer and repre-

senting the results of the experiments by means

of curves. On the other hand, various means

are employed for producing the excitation.

One extr^piity of the body under experiment's

strtick, twisted, subjected to variations Of

temperature or treated by chemical re-agents j-

while the other extremity is left untouched.

In
,

each case the galvanometer gives the

“electric response” to the excitation. The

proceeding is not new; but Bose deserves the;

credit of having generalised its employment and

carried ’ it to its logical consequences. In the

absence of the diagrams supplied by him, which

offer the mosjt convincing of alb demonstrations,

we shall merely explain, in a general manner, the

restilts obtained.

The fundamental fact is the generality of:

the electric response; it had been previously

obseiryed p^ in the living muscle, and jts

abdl|h^hl by death had appeared to supply a*'
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truly ^specific . ftharacteristiC 'a^^^

/li^def^tion of life. The same ptienomelion is

mijihid in a cauliflower stem' or a plant of ipelery

;

death abolishes it in this case also^ But if we

take a rod of tin or of any other carefuUy-

ahnealed metal, the same effect will be produced,

and it can be abolished under certain conditions

to be mentioned.

One of the most characteristic :^atureC of

animal life is fatigue. If a frog’s muscle is

subjected to a series of stimuli of equal force,

and repeated at equal intervals, the contractions

of the tissue, or the electric reactions indicated

by the galvanometer, will at first be equal, and

will then gradually become weaker, until a state

of permanent contracture is reached. The

tissue is tetanised. In living animals it is

possible to attribute fatigue to a sort of poisoning

of the tissues, caused by waste products and

toxins, when the supply of repairing elements

by the circulating blood is insufficient; and

ydt a cut and bloodless muscle recovers its

Excitability after a few moments of rest. It

V^ill cause no great surprise if we ;say that

;lEgeta,bles also present unmistakable sign^s of
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oi
, vegeiapie latigue i§

greatly facilitated by the persistence of life in

the plant. It is thus easy to verify the fact

that a cauliflower or turnip stem submitted to a

saWes of identical shocks reacts less and less;

but a few minutes of rest are sufficient to re-

store their original activity. There is nothing

characteristic of life in all this. A platinum

wire behaves in the same way. Tin, on the other

hand,, seems at first not susceptible of fatigue,

but
,
if it is kept working for several days

running it ends like the other metals by

getting tired; but rest soon restores all its

activity.

The muscles of the heart and certain nerves

present at times a typical reaction, the reverse

of the .preceding one, called super-excitation. ,

Identical and repeated excitations produce in-

creasing reactions. Now Bose has observed

this phenomenon in plants, and even in metals.

A metal kept at rest for a long time seems to

fall into a state of indolence or torpor, and can

only be roused by repeated stimuli. This

phase of thp operation is represented by diagrams,

analc^btts tp the diagrams obtained from cardiadi
'
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mu§61eit' [Thus the paralldisih persists for the

aithree kihigdoms of Nature, e^ep down; fp ex-

ceptional cases.

;
The" action of poisons and anesthetic^ mani-

fests new analogies. Some bodies, such as a

weak solution of sodium carbonate, act as

excitants
;
others, such as bromide of potassium,

dull the sensibility of a tin rod, as 'weU as of a

carrot root or an animal tissue. Chloroform

vapour, chloral and formaline in solution, abolish

temporarily all sensibility and do| not require

more than a minute to stupefy a carrot or a

radish. Finally, the action of poisons suppresst^s

^beyond recovery every trace of electric response;

some appear to have a universal action, such as

concentrated alkalis and acids, potassium cyan-

ide, and corrosive sublimate. Oxalic acid, which

is also poisonous for living beings, acts on metals

to such a degree that a solution of one in ten

thousand is sufficient to destroy every trace of

electric response in them. As is well known,

therapeutics furnish numerous examples of bodies

which act in small doses as stimulants and in

farge doses as poisons. This property is of the

niost general nature, as Bose has sliowh by the
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action ol c^ both bn vejstetable

ti^ues and oh tin.

y
^mperaturp exercises a familiar action on

living beinga. Zero and one hundred degrees

centigrade form the extreme limits of organic

activity, and this is explairied naturally by the

properties of' water, which constitutes the

t
lk of all living beings. Between these limits

5re is always an optimum, a temperature

favourable above all others to life. Now in the

case, of metals their electric sensibility appears

also to defend on the temperature; in an ex--

ample related by Bose it increases from five to

thirty degrees and then decreases to ninety.

But it is probable that each metal, like each living

being, manifests its individuality by a distinct

law of variation.

We shall close this enumeration with a case

in which the analogy is even more unexpected.

Sight is the privilege of the higher animals.

It is,- with thought, the highest form of life.

j?\re we therefore to believe that it evades

entirely the laws of inert matter? Many
scientists dp not think so. Some, taking their

stand Gfi * the existence and the well-known:;
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jacti()ii ot ti]ie retinal purple; aevelopea a

^dhemical theory, which likens eye to a

'photographic apparatus; others, obsefying that

the illumination of the retina produces in, the

optic nerve an electric current, have compared

the eye to the so-called aptino-elepjtr^c battery,

which only gives a current when acteds^pn by

light.

Bose has contributed to the consolidation

of this hypothesis by constructing a 'sort of

artificial eye, consisting of a silver cup filled

with water and sensitised internally by exposing

its concavity to bromine vapour. An .electric

circuit, analogous to tlie optic nerve, connects

the outside of the cup with the water contained

in it and traverses a galvanometer. It is then

observed that the exposure of the sensitised

part to the light gives rise to electric responses

of a very original type which present the same

features as the graphical curves obtained front

a frog’s eye. "

, All these accumulated facts justify the

;|pllowing conclusion. The attempts ,
in the

.(direction of synthetic morphology,' which have

been repeatedly made during the last few years,
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have been of the greatest use to science. They

are not intended to give us, like Vaucanson's

antomata, a sterile imitation of life, but to

Supply us with information respecting the forces

at work in the living being; and one is surprised

to see, from the observations and experiments

which we have related, all that inert matter is

capable of doing and the extraordinary power

of organisation which resides in it.

The vitalist mysticism, which solves the

problem of life by words, is thus disappearing

before the evidence of facts; and the discovery,

on the one hand, of simple forms of life, and on the

other of increasingly complex states of matter,

is gradually filling the abyss which, in our

earlier thought, separated living beings from the

mineral kingdom.

The tendency of science is thus leading us

to consider life as a physico-chemical phe-

nomenon. But because we have carried the

analysis of life so far, it does not follow that we
are certain to succeed with its synthesis, and that

some day a living cell, capable of reproduction,

will be seen issuing from dead matter. Be that

as it ; '^ay the right to treg,t as
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‘iabsiirdity the ;search for spoht|.neQus genera-

tion or to class it with the squaring of the

circle. We know that it is not sufficient, as

Van Helmont imagined, to lock up a dirty shirt

with some grains of wheat for a mouse to be born

at the end of twenty-one days
;
we do not deny

any of Pasteur’s admirable discoveries, but we
have certainly the right to say with 3ffi^iver

Lodge, “ There would be no cause for ^Ibnish-

ment if we succeeded sooner or later in prcl^ucing

in the laboratory a phenomenon which we Could

not avoid considering as spontaneous genera-

tion.” The world is far from its end, and science

is only beginning.
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THE FRONTIERS OF THE SCIENCES

There is "much talk,of science to-day. Philo-

sophets, sociologists and statesmen study its

progress and its function, and every one is con-

vinced that science truly exists and forms a

whole, whose parts are all interconnected and

explain one another. For a consideration one can

be shown places where it dwells, those palaces of

our modern universities whose front bears graven

the word Scientia—showing the high esteem in

which modern science is held.

It is there, if anywhere, that we must seek

this queen of the world. Superscriptions at

every step mark the places reserved for the

various sciences—here botany, farther on mathe-

matics, farther still chemistry. Everywhere we'

find the sciences, but nowhere Science. Each

separate branch leads its own life and has no

relatiUhs with its neighbours, unless it lays claim

to soriae of their accommodation or funds.

There is little intercourse between the various
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ikbo^atories, no wide-open pas^ from one

to the other, and even less interthange of ideas.

Everything shows that the unjlty created by

the architect belongs to the facade alone, and

that each has methods, pripciples and conclu-

sions of its own, in which the others take little

or no interest.

The library of the university is the meeting

place of all the branches and might be expected

to supply the common bond. All the sciences

are ranged in it side by side according to the

system of classification favoured by the librarian,

but this admixture does* not constitute union,

far less unity. The sciences, though they are

such near neighbours in all these rows of books,

never coalesce, but each develops as if the

others did not exist. Even in those encyclopedias

which pretend to synthesise modern knowledge

they lie side by side but have no organic union.

Specialisation carried to its extreme limits

is the necessary law of progress. It alone renders

possible the form of hypertrophy characteristic

of advanced scientific culture. In his youth

the future scientist, having taken a degree which

shows that he has the rudiments ^ of" general
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culture, enters a laboratory, where he will remain

for the rest of his life, breathing the same air,

imbibing the same doctrines and keeping his

bram busy with the concepts of his predecessors

;

only too fortunate if he possesses sufficient

independence and individuality of mind to add

a few new ideas to the accepted ones. He has

neither time, nor perhaps inclination, to inquire

what 'is happening through the wall in the next

laboratory. Some naturalists have spent a life-

time studying algae op a class of insects; some

physicists have never touched an optical instru-

ment
;
some chemists have devoted their entire

lives to the study of a single metal or of a class of

salts. It would be desirable that in addition to

these specialists who are the workers necessary

to scientific progress there should appear on

the scene from time to time a genius sufficiently

universal to grasp the sum of human knowledge

and by an effort of synthesis constitute Science

out of the separate sciences.

Humanity has had its Newton and its

Leibnitz, but such men no longer exist or have

failed to reveal themselves if they do; and the

reason is tbat the tree of knowledge has out-
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grown with branches so tar apart

that if some of their branches meet by chance

they do not appear to belong to the same tree.

The manner of constitution of the sOiences

would form an interesting study, showing the

grouping of new and accepted truths around

their centres of attraction, which gradually

grow like crystals in the midst of a solution;

but a study of this nature would exceed the

limits of a chapter, and we must be satisfied

to call attention to two'^characteristics of this

evolution of the sciences. First, the inability

of reason and logic to formulate a complete

classification of tlie sciences. The greatest

geniuses of every age, from Aristotle and Bacon

to Auguste Comte and Herbert Spencer, have

made the attempt, but their endeavours clearly

followed the constitution of the? sciences instead

of preceding it; they tried to give logical form

to what existed, but proved their complete

incapacity to provide in their classifications,

for future truths. A science never commences

by defining its objefct and surveying and staking

out its domains. Facjts are accumulated first,

then;.,more general observations, anti it is only

2Qd



Sciences

later, ‘when their accumulaticin becomes greater,

that the need is felt for an orderly arrangement.

Aristotle’s classifications had, this character

of contingency, and the development of human

knowledge' has long ago broken down his

classifications. Later and more ambitious classi-

fiers have imagined a general classification of

the sciences present and future, but the pitiable

failure of their efforts proves their futility.

Of all these attempts the most curious,

perhaps, are these of the illustrious physicist

Ampere. I should like to reproduce, for the

edification of the reader, tlie synoptic table in',

which this man of genius mustered all the

branches of human knowledge, dividing them

into two kingdoms, eaeh being divided into tWo

sub-kingdoms, and so on, until the sueeession

of divisions resulted in thirty-two sciences of

the first order, which gave sixty-four sciences

of, the second, which, in their turn, were divided

into 128 sciences of the third order. Among

these 128 sciences there are some, I am
afraid, such as phrencgietics, cratiography

and threpsiology, which will not soon find a

place in our curricula ;
but, on the other hand,
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no provision exists for physical chemistry or

bacteriology.

We see that the frontiers of the sciences were

not founded on logic, but, like the frontiers of

nations, have been constituted gradually. In

the same way—and this segond point has been

established to-day' by numerous researches

—

the content of each science has collected round

formulae which had a utilitarian or reli^us

aim. Even mathematics, whose majestic ^r-

mony appears as the triumph of human reasln,

had the same humble beginnings. The law^ of

number, the forerunners of arithmetic and

algebra, were discovered gropingly and by the

inductive methods now employed by the ex-

perimental sciences. Astronomy had its origin

in the observations of shepherds and sailors.

Geometry developed out of the practice of

land - surveying in Egypt, where the Nile

obliterated year after year the boundaries of

the fields, and the rules of the
“ Harpedon-

aptes,” “ those who attach the line,” gradu-

ally grew into the theorems classified by

Euclid. Physics and chemistry saw the light

in the workshop of the artisan, and zoology •
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was perhaps born in a stable or a slaughter-

house.

The sum of human knowledge has increased

gradually, facts have been condensed into more or

less general laws, and the whole has been organised

from time to time. according to the prevailing

ideas concerning the interdependence of the

various parts; these ideas have changed fre-

quently in the course of time. Thus the pro-

duction of animal heat, long considered a

manifestation of life, was only classified as a

chemical phenomenon after Lavoisier’s in-

vestigations; the solution of sugar in water

and of metals in the acids figured for a long

time in the same chapter, and even to-day

musical intervals are studied as part of

acoustics, though they belong to the domain

of sensations and have no relation with the

object of physics as we understand it to-day.

Every science becomes constituted and'defines

the object of its study and the aim of its research

little by little, by successive additions and

eliminations. Each successive century has

modified the classifications which the preceding

one had framed and considered both logical and
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eternal. This is as it should be, because a

nation must organise its scientific life, settle the

programme of the various branches of instruction,

fix the number and the function of their labora-

tories precisely in accordance with this logic

of the day. The following table gives the

official classification of scientific studl|iS^ in

lyc^es and universities in France.*

Sciences of Numerical Magnitudes

(Arithmetic, Algebra, Trigo-

nometry).

Sciences of Space (Pure, Analytical

and Descriptive Geometry).

Sciences of Movement (Mechanics),

Astronomy.

(

Physics.

Chemistry.

Crystallography.

/Zoology,

jPotany.

Natural Sciences i Mineralogy.

! Geology.

I Animal and VegeUible Physiology.

This, table, though incomplete, gives an

* We take here the word science in its most" restricted

application, leaving out Sociology, Geography and the other

branches of knowledge which official classification leaves

without ‘good reason outside the circle of official sciences.
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approximate idea of the partitions separating

the different courses of study, and a glance is

sufficient to show how illogical and arbitrary

they are. It is surprising to find astronomy

classified with the mathematical sciences, since its

concrete object of §tudy identifies it more with

the experimental sciences. The same may be

said of mechanics, which has been turned into

an abstract science devoted to discussions on

mathematical points and hypothetical forces,

instead of teaching the practical issues which

are left neglectfully to the technical schoolis.

Jhe division of naturgfl science, according to the

three kingdoms of Nature, rests upon the idea

of an abrupt demarcation, an idea which science'

has abandoned, and presents the double defect

of perpetuating inaccurate notions and obscuring

sonie of the deepest and truest analogies of

nature.

Without dwelling upon this point we recog-

nise that no classification can be irreproach-

able, The fact remains that divisions, good or

bad, exist. Let us see what part they play.

The sciences are in perpetual evolution.
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They change their object from day to day with

the consequence that programmes must con-

stantly be recast, courses altered and habits

abandoned. This is no great matter, or

rather it is the very condition of progress

and life. But there is another important cir-

cumstance to be considered. As living cells

are modified by division, so tlie sciences acquire

new life and growth by the creation of mixed

sciences.

First we have physical astronomy. Thanks

to the immortal labours of Kepler, Newton and

Laplace, astronomy has reached a higher degree

of perfection than any of the other sciences

based on observation. The laws governing our

system are known with absolute certainty, as

everyone can see for himself from.^the astrono-

mical predictions, which fix beforehand to a

fraction of a second the motions of the various

planets; and it was reasonable to speak of

celestial mechanics in the case of a science

whose entire content could be treated deductively.

But that is not the whole of astronomy; tliere

is also a celestial physics and chemistry.
,
What is

the nature of these stars which the old astronomy
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considered only as rnasses in movement? Wliat

is the matter composing the sun, the planets,

the stars, the nebulae and the comets?

' The interest of all these phenomena is patent

to everybody, and Kepler’s laws are impotent

to explain them. yVe receive only one thing

from our fellow-travellers through space, namely,

radiations, but how varied in range—chemical,

luminous and calorific radiations—probably also

electro-magnetic waves, like those of wireless

telegraphy, and perhaps others hitherto un-

known and unsuspected. It will be necessary

to examine all these radiations and extract from

them information about the distant regions

whence they come, organising our investigation

methodically by adapting the methods of physics

to the new conditions. There is no lack of dis-

coveries made or hoped for. We are beginning

to understand the nature of the external layer

of the sun and its movement of rotation. We
have collected facts regarding the temperature,

the chemical constitution and the physical state

of the stars. We' have processes of extreme

delicacy for determining their dimensions and

their displacement relatively to our globe;
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the study of eclipses is no longer carried out by

the telescope alone. All the instruments of the

physicist are brought to bear upon the sun at the

moment of occultation. And in addition to this

physical astronomy does not interest itself only

in the distant stars
;
it studies everything that is

beyond our direct reach—the higher regions of

the atmospliere, tlie meteors which invade it,

the aurora borealis and the zodiacal light.

This brief enumeration should suffice to

justify the right to existence of a new science,

connected with astronomy by its field and with

physics by its methods of study, put having its

own individuality and clearly-defined object.

Physical chemistry, which is barely fifty

years old, may also claim a place among the

new sciences. It was brought into existence

in France through the labours of Sainte-Claire

Deville and Berthelot, but has developed chiefly

in Holland and in Germany, and has to-day a

definite aim, many established results, and a

vast field for future work. Chevreul held that

“ the object of chemistry is to classify matter

into types, called chemical species, each

characterised by a definite group of physical,
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ch^pjical and organoleptic properties.” This

definition! clearly separates chemistry from

physics, which studies one by one the different

properties of matter, and whose aim is conse-.

quently abstract, whilst chemistry deals with a

concrete object. Chemistry was too busy with de-

scriptions to be able to recognise reactions as any-

thing but disturbed periods separating two states

of equilibrium, and satisfied itself with vague

hypotheses regarding affinities. The classical

treatises, with their succession of portraits of

chlorine, hydrogen, oxygen and their com-

pounds, recall some of the old histories devoted

to the description of pur kings and their august

alliances, which passed over in a line, as un-

worthy of the notice of posterity, the disturbed

periods called either revolts or revolutions, ac-

cording to their importance.

But in the end molecular revolutions came

in for more attention. The investigation of the

formation of ethers and of dissociation showed

that chemical reactions, like other phenomena,

obey laws. Later, Berthelot attempted to solve

the problem of chemical mechanics by investi-

gating the heat developed by reactions. The
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problem was too complex to be solved by the

efforts of any one man, but to-day we have a plan

of action and know what to look for, and the

entire battery of physics is trained against these

struggles of atoms and molecules. A new

science is thus developing, jvith its law^ and its

technique, and it has already grown sufficiently

to give birth to another science, electro-chemistry,

which has already made itself heard. Physical

chemistry has developed chiefly outside of France,

but principally in Germany, where it has labora-

tories, special journals and a whole generation

of specialists devoted to its progress. In France

official science has only been able to provide two

laboratories, one at the Sorboniie and the other

at the University of Nancy—little /enough for

the country of Berthelot and Deville. We must

resign ourselves to see physical chemistry be-

coming a German science.

Physiology, the most living of the natural

sciences, has proved its vitality by giving birth

to several new sciences. The most important

and generally known is bacteriology, associated

for all time with the name of Pasteur. Enough

has already been said on the subject of this new
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science which has rendered so many benefits to

humanity. It furnishes the best example of the

radical incapacity of the human mind to define a

science d priori. From the earliest times numer-

ous examples of fermentation were known, but

it never occurred to^ anybody that it might be

worth while to study them systematically, until

a man of genius observed them through his micro-

scope and revealed a new world. Bacteriology

established its utility from the first and had not to

wait for money, laboratories or the specialists

necessary to develop a science, nor had it to experi-

ence the hardships that the other young sciences

have had to endure, treated everywhere as out-

siders and left without house-room or funds.

Other branches, which are the result of the

evolution of physiology directed definitely to-

wards the study of the physical and chemical

laws of life, have been less fortunate; however,

this evolution raises many interesting problems.

A living being may be considered as a trans-

former of energy and the balance-sheet of this

transformation investigated. Again, the fruitful

notion, 6f osmotic pressure may be applied to

biological phenomena. It owed its discovery
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to the Dutch botanists, and after having acquired

more definite meaning at the hands of the

physicists it is being employed in biology to

elucidate questions of such importance as the

movements of the sap in plants and the con-

ditions of germination andjecundation. Other

subjects are attracting attention; the action

of enzymes, so strangely analogous to the action

of certain metals in the so-called colloidal state,

reduced to impalpable powders; the strange

analogies between micro-orgar\isms and certain

crystals, and finally the stxidy of the colloids whicfi

physicists are just beginning, which should result

in valuable information from the physiological

point of view, because protoplasm, the funda-

mental living matter, belongs to the group of

colloids. A cclhilar physics is thus in course of

slow development; it may still be called

physiology, but its methods and technique are

borrowed from the sciences of inert matter, its

laboratories must be fitted for both, and, what is

more difficult in view of our present specialisa-

tion, it must find men equally familiar with

biological problems and the methods and

apparatus of chemistry and physics.
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We have considered the practical side of the

question, but it presents another. The sciences

are developing, and every day their principles

and rnethods are becoming more stereotyped,

while new sciences are emerging from the sliade

and becoming organised in their turn. All this

multiplies the points of view from which we

regard Nature. Are these views of the world to

remain eternally distinct, as if they belonged

to different objects, or are they destined to

coalesce and harmonise in a vast synthesis?

Our mind refuses to admit that Science has no

existence and that the many aspects under

which the sciences exhibit Nature are not

aspects of a single reality.

The problem of the future consists in bringing

about this harmony of the sciences foreseen by

Taine: “The progress of science consists in

the explanation of a series of facts by a higher

fact which sums them up. The different

sciences can thus be condensed into as many

definitions, from which all the truths composing

them can be deduced. Then a time comes

when we are more daring; we discover the

unity of the universe and understand what
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produces it. It neither proceeds from anything

external to the world nor from any mysterious

thing hidden in the world; it proceeds from a

general fact similar to the others, from a parent

law from which the others can be deduced, just

as all the phenomena of weight are derived from

the law of attraction and all the phenomena of

light from the law of undulations. This law

is the final object of science, and if we could rise

to its height we should see the eternal torrciit

of events and the infinite sea of things issuing

from it, as from a spi'ing, by separate and diver-

gent channels.”

If the fusion of the sciences is ever to be

realised, either according to Tainc’s dream or in

some other manner, it must be by the constant

communion of all those who work in laboratories.

For this purpose it is desirable to multiply the

points of contact between the sciences instead of

strengthening the partitions which separate

them. It would be childish to attem^ to

secure unity by artificial means. Only the

independent action of the sciences, the inter-

change of ideas and freedom of discussion, can

weld them together; only in this way can a
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single spirit, the scientific spirit, penetrate all

the cells of the hive.

Such a change would offer numerous ad-

vantages. The conviction would become general

that isolated facts are without scientific interest

and should only be studied to ascertain their

laws. Meteorology might find it wortli while

to digest this truth. I also fancy that it would be

generally accepted that observation and ex-

periment are the sole avenues of knowledge.

This conviction in the past would have spared

us long memoirs of mathematical physics. Rut

my chief hope is that in future the type of

scientific finality which is merely a survival of

the theological spirit will be banished from our

arguments. It is difficult to credit the number

of false arguments which still cling to our science

and send us into cheap ecstasies over the har-

monies of Nature. Some may still believe that

water increases in volume when it freezes, in

order to prevent the ocean from congealing in

bulk and destroying all the fishes; tlipugh the

same phenomenon in w'inter bursts the vessels of

plants and injures the whole vegetable kingdom.

It is in fact incredible that this sanctimonious
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finality should pervade natural science to such an

extent that Professor Metchnikoff seemed very

daring in breaking a lance with it in his Essai

de Philosophic Optimiste.

We have reviewed the many and important

improvements which would follow the realisation

of a symbiosis of the sciences which to-day tend

more and more to separate, but it is not easy

to oppose a tendency established for centuries.

Let us now see what endeavours are possible,

remembering that the problem is a pedagogical

one and not a question of authoritative modili-

cations of metliods, revisions of principles or re-

casting of hypotheses. No one can enact by

authority the unity of science. But we ouglit

to make it impossible for science to be made

or taught by narrow minds, products of special-

isation pushed to extremes. While the sciences

are tending to unite scientists must not draw

apart in mutual misunderstanding. But the

true remedy for this situation, so harmful to

the sciences, consists in the systematic adoption

of collaboration.

The exasperating infrequency of this collabora-

tion between scientists cultivating different
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sciences is one of the most marked symptoms
of the situation to which we call attention. And
yet two physicists or two naturalists may
frequently be seen uniting their forces towards

a common end. This association leads, as a

rule, to excellent results. An isolated worker

is often hampered by a preconceived idea which

would disappear before the united efforts of

two diverse minds which, striving with the

same end in view, would act as a stimulus

and a check on one another.

On the other hand, the great industries are

showing us every day that certain complex

problems (and most problems are complex) can

only be solved by a methodical organisation

of the work. In metallurgical works the same

steel is studied from the physical, the chemical

and the micrographic point of view. The most

important companies for the construction of

electrical machinery employ sets of specialised

engineers, who devote their attention to the

several terms of the same problem. Germany
leads all other countries in this methodical work.

The great institution in Berlin, the Reichsanstalt,

investigates methodically the properties of bodies
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under their various physical, mechanical and

chemical aspects. Another series of concordant

investigations applied to glass and crystal

enabled the great glass-works in Jena to create

types of glass and crystal suitable for all the

requirements of science and industry.

^^'ply should what is the rule elsewhere 'be

the exception in our universities? Why should

the physiologist be so seldom seen working with

the physicist, or the geologist with the chemist?

It is not because they have nothing to tell one

another
;

it is, sad to say, because they no longer

understand one another, but have become com-

plete strangers.

One could wish that tliose whose task it is

to distribute rewards would do all in their

power to encourage scientific collaboration.

It should be the duty of the great scientific

societies of every land, whose members repre-

sent the Hite of the scientific world, to point

out, say every three years, the problems which

were ripe for solution.

A programme of research, drawn up by a

committee of the society, would furnish to the

workers in our laboratories what they often
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seek in vain, a useful way of employing their

activity. I imagine that such a communication

would have the effect of orientating in a single

direction and towards a common end, efforts

which would otherwise have been dispersed in

many directions. , Then, the society could

centralise the work accomplished, make a

synthesis of it, controlling the results by

comparison; it could summarise the state

which the question had reached, point out the

progress accomplished and the gaps remaining

to be filled. It would thus assume the direct-

ing power which belongs to it of riglit and,

though stopping short of creating a dangerous

official science, it would, in a measure, bring

about that organisation of the sciences which

is as necessary as it is difficult to realise.

We have seen that the separation of the

sciences and the specialisation of the scientists

are the two grave defects of our present scientific

organisation. For these defects a palliative

and a remedy exist. The former consists in the

extension of general scientific education, but

the true remedy consists in the methodical

organisation of scientific collaboration.
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